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SUMMARY 
An orthodox approach to the synthesis of pteridines 
(I) by condensing a 4,5-diaminopyrimidine (II) with an 
as-dicarbonyl compound suffers from certain limitations. 
Some of these may be avoided by an alternative approach 
to pteridines from pyrazine intermediates. Both these 
general methods are reviewed in Section 1. 
The original work to be described in this thesis 
deals with the synthesis of pteridines, especially 
those unsubstituted in the 4-position, from pyrazine 
intermediates; also with their properties and reactions. 
In Section 2 is described the preparation of 
pteridines from a new class of pyrazine intermediate, 
2-amino-3-aminomethylpyrazine (III): this pyrazine and 
its derivatives cyclize to 3,4-dihydropteridines, 
which may be then dehydrogenated to the corresponding 
pteridines. This general method was found to have 
significant advantages for the preparation of; pteridines 
in which the pyrimidine ring was reduced, e.g. 
3,4-dihydropteridine or 1,2,3,4-tetrahydropteridine; 
pteridines which bore a strongly electron-attracting 
group in the 2-position, viz. ethyl pteridine-2-
carboxylate; and pteridines unsymmetrically substituted 
in the pyrazine ring, viz. 6-methylpteridine. 
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Preparation of 4-unsubstituted pteridines from 
another class of pyrazlne intermediate, 3-aminopyrazine-
2-carbaldehyde (IV, R=H), is described in Section 3. 
Although this pyrazine was found to be unaffected by 
various cyclizing reagents, Bischler type syntheses 
[acylaminoaldehyde (IV) plus ammonia] furnished some 
pteridines. However, this method was found to be 
little better than the classical routes to pteridines. 
In Section 4 are included description and 
discussion of the covalent hydration of 6-methyl-
pteridine, ethyl pteridine-2-carboxylate, and ethyl 
3,4-dihydropteridine-2-carboxylate; also the addition 
of amines to pteridine. 
The scope and limitations of these new approaches 
to pteridines are discussed in Section 5. 
In addition, ionization constants, as well as 
i .r., u.v., and n.m.r. spectra, are recorded. 
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Section 1: Introduction 
(1) General Introduction to pteridines 
The pteridines (~), or pyrimido[4,5-~]pyrazines, 
have attracted far more attention than any other family of 
tetra-azanaphthalenes. This is because pteridines are 
distributed widely in nature and their derivatives, such 
as folic acid (~) and biopterin (~), play important 
roles as growth factors or co-enzymes. In addition, 
pteridines are of special chemical interest in that the 
high ratio of nitrogen to carbon atoms in the nucleus 
leads to exaggeration of the properties characteristic 
of n-electron-deficient heteroaromatic systems. Thus 
pteridines easily undergo nucleophilic attack, hydrolytic 
or aminolytic ring-fission, and covalent addition by 
water, alcohols, or Michael reagents; indeed, the 
important phenomenon of covalent hydration was first 
observed in the pteridine series. 
(2) Pteridines from Pyrimidines 
The synthesis of most pteridines has involved 
condensation of an appropriate 4,5-diaminopyrimidine (~) 
with an aB -dicarbonyl (or equivalent) aliphatic compound; 
usually both starting materials are easily obtained. 
However this approach has two serious limitations. The 
first is that an unsymmetrical dicarbonyl compound can, 
and often does, lead to two isomeric products. This 
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inevitably introduces difficul ties in separation and 
identification, although in so me cases the ratio of 
products can be influenced by variation in pH of the 
medi urn or by addi ti on of a Ildi recti ng reagent" such 
as sodium bisulphite or hydrazine. 
The second limitation is that pteridines bearing a 
strongly electron-attracting 2-substituent can not be 
made because efforts to prepare the appropriate 
4,5-diamino-2-substituted-pyrimidine intermediates have 
invariably -failed (Dr D.J. Brown, personal communication). 
Also it seems unlikely that these pteridines can be 
prepared from a 2-chloropteridine by displacement with 
an anionoid reagent such as sodium cyanide or sodium 
bisulphite because pteridines easily add such a reagent 
across the pyrazine ring (cf. see Section 4; also 
Albert and Yamamoto, 1968a). 
(3) Pteridines from Pyrazines 
A smaller number of pteridines have been prepared 
from pyrazine intermediates. The first example was the 
conversion of pyrazine-2,3-dicarboxamide (~) by 
potassium hypobromite into lumazine (pteridin-2,4-dione) 
in poor yield (Gabriel and Sonn, 1907). Others include 
cyclization of 3-aminopyrazine-2-c arboxamide (~) or 
its thio-analogue with triethyl orthoformate in acetic 
anhydride to give pteridin-4-one or -4-thione respectively 
(Albert, Brown, and Cheeseman, 1951). In extensions of 
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this reaction (Albert, Brown, and Cheeseman, 1952b; 
Taylor, Carbon, and Hoff, 1953; Wright and Smith, 1955; 
Taylor, Garland, and Howell, 1956), triethyl orthoformate 
was replaced by formic acid, formamide, and acyl chlorides . 
Further, the use of 3-chloro-5,6-diphenylpyrazine-2-
carbonitrile (~) (Taylor and Paudler, 1955), or methyl 
3-chloropyrazine-2-carboxylate (Dick and Wood, 1955) 
with urea, thiourea, and guanidine furnished 2,4-di-
substituted pteridines. By using 5,6-disubstituted 
derivatives of the amide (~), or the corresponding 
nitrile, Jones and Cragoe (1968) prepared 2,4-diamino-
pteridines, unsymmetrically (and unambiguously) 
substituted in the 6- and/or 7-positions. Pyrazine-~-
oxides have also been used as intermediates: Taylor and 
Lenard (1968, 1969) converted 2-amino-3-methoxycarbonyl-
pyrazine-1-oxides (~) and the corresponding 3-cyano-
pyrazines into the 8-oxides of pteridin-4-ones, 
pteridin-2,4-diones, 2,4-diaminopteridines, and 
2-aminopteridin-4-ones. 
The above reactions indicate that the preparation of 
pteridines from pyrazines, although still the less common 
approach, is of considerable potential . Moreover, it 
offers a convenient way of introducing 14C_ and 15N-atoms 
into the pyrimidine ring of pteridines as an aid to 
n.m.r. or mechanistic studies . Unfortunately all 
efforts to prepare 4-unsubstituted pteridines from 
5 
appropriate pyrazine intermediates have fa i led (Albert, 
Brown, and Cheeseman, 1951; Albert, Brown, and Wood, 
1956; Albert and Matsuura, 961; Albert and Yamamoto, 
1968b). Moreover, in the pter i dine series, no success 
has ever attended attempts to remove substituents such 
as mercapto, methylthio, or hydrazino from the 4-position 
(Albert, Brown, and Wood, 1954) . In the hope that this 
20 years old problem would yield to a new approach, the 
work described in this thesis was commenced . 
(4) Nomenclature 
Nomenclature used in this thesis is in accordance 
with the I.U.P . A C. rules, slightly modified by the 
conventions of the Chemical Society of London 
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Sectlon 2: The P eparation of Pterldines 
Unsubstituted ln the 4-Position from 
Pyrazines, via 3,4-Dihydropteridines 
(1) Preparation of 2-amlno-3-aminomethylpyrazine 
The key intermediate, 3-aminopyrazlne-2-carboxamide 
(~) was conveniently prepared from 2-amidino-2-amino-
acetamide (~) and glyoxal (Vogl and Taylor, 1959). 
The acetamide (~) was made from ethyl cyanoacetate, 
by first converting the cyano and the ester group to an 
amidino and amide group respectively (Shaw and Woolley, 
1949), and then coupling the product with diazotized 
aniline (Smith and Yates, 1954). The resulting 
2-amidino-2-phenylazoacetamide had previously been 
converted to the compound (~) with zinc and hydro-
chloric acid (idem, ibid.) or by hydrogenation over 
platinum (Bicking et ~., 1967) . However, in the 
present work, it was found that the yield could be 
improved (from 66 to 85%) if the azo derivative was 
hydrogenated over palladium-carbon , Because the amide 
(~) could not be reduced directly to 2-amino-3-amino-
methylpyrazine (~), e.g. with lithium aluminium 
hydride, it was declded to proceed through the corres-
ponding nitrile (~). This dehydration had previously 
been accomplished only with phosphorus pentoxide, a 
troublesome method glvln9 a poor yield (Elllngson et ~., 
1945). However a 75 % yield was obtained readily by 
7 
heating the amide with phosphoryl chloride in dimethyl-
formamide, followed by acid hydrolysis of the amidine 
intermediate (~) o Attempts to isolate the amidine 
(~) were unsuccessful. This general method had proved 
useful for preparing other 3-aminopyrazine-2-carbonitriles. 
In the case of the 5,6-dichloro, 6-cyclopropyl, and 
6-chloro-pyrazinenitriles, the amidine derivatives were 
isolated as intermediates (Jones and Cragoe, 1968). An 
alternative attempt at dehydration of the carboxamide 
(~) with phosphoryl chloride in pyridine caused 
considerable decomposition; hence it seems that formation 
of the ami dine intermediates avoided the reaction of 
phosphoryl chloride with the amino group to form a 
phosphorylamidate (Uhlfelder, 1903). 
Hydrogenation of the nitrile (~) over palladium-
carbon or platinum oxide gave many compounds and 
reduction with lithium aluminlum hydride gave 2-amino-
3-aminomethylpyrazine (~) but only in low yield . 
However, hydrogenation was best accomplished over Raney 
nickel to give the diamine (~) in 83% yield. The 
diamine (~) was isolated and purified as the phosphate, 
from which the free base was regenerated by adjusting the 
pH to 10.5 The diamine (~) was also isolated as the 
picrate; the sulphate, hydrochloride, and nitrate were 
very soluble in water. No reduction of the pyrazine 
ring occurred during the hydrogenation and surprisingly 
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N-CH-CONH2 H2 I 
HN=C-NH2 
(2.2) 
(2 . .1) 
N=CH-NMe2 
(2.5) 
little tendency to form the secondary amine (~) was 
observed even in the absence of acid or ammonia. The 
free base (~) slowly decomposed at room temperature, 
but it remained unaltered when stored at 50 . 
(2) Cyclization of 2-Amino-3-aminomethylpyrazine and its 
Derivatives to the 3,4-Dihydropteridines 
a) 3,4-Dihydropteridine and 3,4-Dihydro-2-
methylpteridine 
10 
3,4-Dihydropteridine (2 . 7a), the parent compound, was 
synthesized by heating the diamine (~) under reflux with 
triethyl orthoformate . Similarly, triethyl orthoacetate 
furnished the 2-methyl derivative (2 . 7b) . These pteridines 
had almost identical ultraviolet spectra (neutral species 
and cation respectively)(see Table 2 . 1) . The 1H n . m r 
spectrum of the cation of the 2-methyl derivative (2 . 7b) 
in hexadeuteriodimethyl sulphoxide containing deuterio-
chloric acid showed an AB quartet (2H) with principal 
peaks at T1.65 and 1. 71 (H-6 and H-7), a sharp peak at 
T5.12 (2H)(CH 2), and another at T7 <66 (3H) ( CH 3). These 
data confirmed that C-4 carried two hydrogen atoms, but 
they did not exclude a 1,4- (2 08) or a 4,8- (~) 
derivative because the peak due to the methylene group 
appeared to be a singlet . The peak remained as a 
singlet even when measured at _40 0 in tetradeuterio-
methanol. Attempted measurement in sulphur dioxide 
(-10 0) was unfruitful because of insolubility . 
11 
However the mobile ~-attached proton would mainly be located 
in the 3-position because a 4,S-dihydro transannular 
structure (~) would absorb at a much longer wavelength 
in the u.v. and also it has been carefully established in 
the related quinazoline series that tautomerism greatly 
favours a 3,4- (2.10) over a 1,4- dihydro- structure 
(Armarego, 1961), most likely by avoiding an 
unconjugated double bond. 
The pK values of 3,4-dihydropteridine (2.7a) and its 
-a 
2-methyl derivative (2 07b) were 6.36 and 7.26, respectively. 
These values are consistent with those of 3,4-dihydro-4-
hydroxypteridine (pK 4.79) and its 2-methyl derivatives 
-a 
(pK 5.45), which are covalent hydrates (see Section 4.1) 
-a 
(Perrin, 1962). The pK values of the new 3,4-dihydro-
-a 
pteridines are seen to be nearly 1.4 and 0.9 units 
higher than those of the above hydrates. This raising 
of the basic strenqth on removing a secondary hydroxy 
group from the 4-position is quantitatively similar to 
that found in the related quinazolines (cf . 1 . 55 units 
between 3,4-dihydro-3-methylquinazoline and 3,4-dihydro-
4-hydroxy-3-methylquinazoline)(Albert, Armarego, and 
Spinner, 1961b). 
The large hypsochromic shift (ca 25 nm.), seen upon 
protonation of the new 3,4-dihydropteridines, has been 
observed in the quinazoline series (cf. 20 nm. for 
N 
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3,4-dihydro-3-methylquinazoline)(Albert, Armarego, and 
Spinner, 1961a). Quantitative comparison of these data 
confirmed that the new dihydropteridines had the same 
3,4-dihydro structure as has been carefully established 
for the above dihydroquinazolines (e.g. 2.10). 
It was of interest that in the n.m.r. spectrum of 
3,4-dihydropteridine, the signal for H-2 was broad. 
This phenomenon of broadening has been observed for the 
signal for H-2 of pyrimidine (though not of pteridine) 
and it has been attributed to the influence of the two 
adjacent atoms (Reddy ~~., 1962). 
b) 3,4-0ihydropteridin-2-one and 
2-Amino-3,4-dihydropteridine 
2-Amino-3-aminomethylpyrazine (~) and ethyl 
chloroformate at 25 0 gave a 90% yield of 2-amino-3-
ethoxycarbonylaminopyrazine (2.11a). That it was the 
aliphatic amino qroup that had been substituted was 
shown by the loss of basic strength (see Table 2.1). 
The original amine (~) had a highly basic group 
(p~a 8.40 in water, 20 0 ) as well as a less basic one 
[p~a 2.05' cf. 3.14 for 2-aminopyrazine (Albert, 
Gol dacre, and Phi 11 ips, 1948)]. 
had a pK at 2.8, but none higher. 
-a 
The urethane (2.11a) 
Although unchanged when heated under reflux in 
diphenyl ether, this urethane readily cyclized to the 
known 3,4-dihydropteridin-2-one (2 . 12)(Albert and 
13 
Matsuura, 1961) in boiling ethanolic sodium ethoxide. 
The diamine (~) was not cyclized to the known 
2-amino-3,4-dihydropteridine (2.7c)(Albert and McCormack, 
1966) on heating with guanidine carbonate in collidine, 
or on fusing with the free guanidine at 150 0 . Fortunately 
the diamine (~) was converted to 2-amino-3-guanidino-
methylpyrazine (2.11b)(obtained as the hydrochloride) 
when heated under reflux with ~-methylisothiouronium 
hydrochloride in ethanol. The corresponding hemisulphate 
was obtained similarly when the diamine (~) was heated 
under reflux with ~-methylisothiouronium sulphate in 
water. These salts had no tendency to cyclize to the 
dihydropteridine (2.7c) when heated under reflux in 
decal in. Paper chromatography showed a small amount of 
the dihydropteridine (2.7c) was formed when the acetate 
was heated under reflux in n-propanol. However the free 
base (2.11b) was readily cyclized to 2-amino-3,4-
dihydropteridine (2.7c) by heating at 100 0 . 
Previously these two 3,4-dihydropteridines (2.7c 
and 2.12) were prepared ambiguously by reduction with 
potassium borohydride and sodium borohydride respectively. 
Specimens of these dihydropteridines prepared by reduction 
were found to be identical with those 3,4-dihydro-
pteridines prepared from the pyrazine intermediates. 
14 
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c) Ethyl 3,4-Dihydropteridine-2-carboxylate 
Because attempted cyclization to ethyl 3,4-dihydro-
pteridine-2-carboxylate (2.7d), obtained by heating the 
diamine (~) with diethyl oxalate, was unsuccessful, it was 
decided to use ethyl triethoxyacetate (ethyl oxalate hemi-
orthoester) which was prepared from diethyl oxalate, by 
first converting it to ethyl dichloroethoxyacetate and 
then replacing the chlorine atoms with ethoxy groups 
(Jones, 1951). The diamine (~) and ethyl triethoxy-
acetate gave 2-amino-3-ethoxalylaminomethylpyrazine (2.11c) 
when heated at 110 0 . The orientation of the ethoxalyl 
group was confirmed by the low basic strength (pfa 2.66) 
and n.m.r. assignments [(hexadeuteriodimethyl sulphoxide) 
0.87br (1H, d, ~ 5.5 Hz, amide, exchangeable H), 2 . 13 and 
2.29 (total 2H, AB q, ~ 3.1 Hz, H-5 and H-6), 3.70br (2H, 
s, NH2 on ring, exchangeable H), 5.69 (2H, d, ~ 5 . 5 Hz, 
CH 2 of side chain), 5.76 (2H, q) and 8.74 (3H, t)(both 
~ 7.3 Hz, CH 2CH 3)]. The methylene protons were coupled 
with the NH proton of the amide to give a doublet and the 
chemical shift, 0.44 ppm lower than that of 2-amino-3-
aminomethylpyrazine (T 6.13), showed the expected shift 
by the ethoxalyl group. This pyrazine showed little 
tendency to cyclize to ethyl 3,4-dihydropteridine-2-
carboxylate (2.7d) [e.g. with phosphoryl chloride in 
pyridine, thionyl chloride (25 0 ), or ethanolic sodium 
ethoxide] • 
Attempted direct synthesis of the dihydropteridine 
(2.7d) from the diamine (~) and ethyl triethoxyacetate 
with acetic anhydride gave 2-acetamido-3-acetamidomethyl-
pyrazine. 
It was thought that the isomeric 2-aminomethyl-3-
ethoxalylaminopyrazine (2.13) would cyclize more easily, 
because of the greater electron availability from an 
aliphatic amino group. Accordingly 3-aminopyrazine-2-
carbonitrile (~) was acylated with ethoxalyl chloride 
to give 3-ethoxalylaminopyrazine-2-carbonitrile (2.14a). 
Hydrogenation of the nitrile (2.14a) over Raney nickel 
gave the desired ethyl 3,4-dihydropteridine-2-
carboxylate (2.7d), although in only moderate yield 
(17%)(hydrogenation was in ethanol at atmospheric 
pressure and room temperature). Also hydrogenation of 
the nitrile (2.14a) over palladium-carbon (10%) in 
ethanolic acetic acid gave 16% of the dihydropteridine 
( 2 • 7 d ) . Many attempts to isolate the intermediate 
(2.13) were unsuccessful. For hydrogenations under more 
severe conditions, see the next Section (2.3). This 
dihydropteridine (2.7d) was readily hydrolysed to 
3,4-dihydropteridine-2-carboxylic acid (2.7e) when 
stirred in dilute acid solution at room temperature . 
3-Ethoxalylaminopyrazine-2-carbonitrile (2.14a) 
gave 3-aminopyrazine-2-carbonitrile (~) when stirred 
at 00 in ethanolic ammonia. 
16 
17 
~N 
(2.11) (2.12) 
a) R = C02Et 
b) R = C(=NH)NH2 
c) R = COC02Et 
CN 
NHCOC02Et NHR 
(2.13) (2,14) 
a) R = COC02Et 
b) R = COCF3 
Similarly 3-trifluoroacetamidopyrazine-2-carbo-
nitrile (2.14b) was prepared from the aminonitrile (~) 
and trifluoroacetic anhydride. Hydrogenation of the 
nitrile (2.14b) over Raney nickel gave only a resin. 
This trifluoroacetamidonitrile (2.14b) had an 
unfortunate tendency to hydrolyse rapidly to 3-amino-
pyrazine-2-carbonitrile (~) when dissolved in water 
or ethanol at room temperature. This is what might 
be expected of an amide with so strong an electron-
attracting group as trifluoroacetyl when sited in 
such an electron-deficient heterocycle as the 
pyrazinenitrile. 
(3) Formation of 1,2,3,4-Tetrahydropteridines 
Hitherto, no 1,2,3,4-tetrahydropteridines have 
been known. Reduction of pteridine gave only 5,6,7,8-
tetrahydropteridine (Taylor and Sherman, 1959). 
However, when the conditions of hydrogenation were 
made severe in preparing ethyl 3,4-dihydropteridine-2-
carboxylate (2.7d), ethyl 1,2,3,4-tetrahydropteridine-
2-carboxylate (2.15a) was isolated as well as the 
ring-opened analogue, 2-amino-3-ethoxalylaminomethyl-
pyrazine (2.11c), obtained previously by the action of 
ethyl triethoxyacetate on 2-amino-3-aminomethyl-
pyrazine (~) [the nitrile (2.14a) was hydrogenated 
over Raney nickel at 4 atmospheres and 70 0 ]. The 
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1H n.m.r. spectrum of the tetrahydropteridine (2.15a) in 
deuteriochloroform showed peaks at T 2 . 09 (2H, s, H-6 and 
H-7), 4.18br (lH, s, H-1, exchangeable H), 5.01 (lH, s, 
H-2), 5.81 (2H, s, H-4), 7.60br (lH, s, H-3, exchangeable 
H), 5.66 (2H, q) and 8.69 (3H, t)(CH 2CH 3). It seemed 
that the tetrahydropte.ridine (2.15a) was obtained from 
reduction of the corresponding 3,4-dihydropteridine 
( 2 . 7 d ) . However attempts to prepare 1,2,3,4-dihydro-
pteridine (2.15b) from 3,4-dihYdropteridine (2.7a) by 
hydrogenation over Raney nickel or palladium-carbon 
(10%), or reduction with lithium aluminium hydride were 
unsuccessful. 
1,2,3,4-Tetrahydropteridine (2.15b) was readily 
obtained by reaction of the diamine (~) with formaldehyde 
in alkaline solution. 1 The H n.m.r. spectrum ln 
deuteriochloroform showed peaks at T 2 . 09 (2H, s, H-6 and 
H-7), 4.27br (lH, s, H-1, exchangeable H), 5.49 (2H, d, 
J 0.9 Hz, 2-CH 2), 5.80 (2H, s, 4-CH 2 ), and 7.78br (lH, s, 
H-3, exchanqeable H). The u.~. spectra of 1,2,3,4-
tetrahydropteridine were found to be almost identical 
with those of ethyl 1,2,3,4-tetrahydropteridine-2-
carboxylate (2.15a)(neutral species and mono cation 
respectively) . Comparison of the n.m.r. and u.v. 
spectra established that hydrogenation of the pyrazine 
ring and migration of hydrogen to the pyrazine ring did 
not take place. 
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(4) Oxidation of 3,4-Dihydropteridines to Pteridines 
Until now, attempts to oxidize 3,4-dihydropteridines 
to pteridines have met with little success. Most of these 
pteridines, which have no substituent in the 4-position, 
form covalent hydrates in acidic solution to give 
3,4-dihydro-4-hydroxypteridines [e.g. (2.16)](moreover 
pteridin-2-one and -2-thione formed stable hydrates even 
in neutral solution). Hence it is only too easy to 
oxidize the secondary alcoholic group in the 4-position 
to an oxo group [e.g. (2.17)] . For example pteridin-4-one 
and its 7-methyl and 6,7-dimethyl derivatives were 
obtained from pteridine, and its 7-methyl and 6,7-dimethyl 
derivatives, by oxidation with perphthalic acid or 
perbenzoic acid respectively (Albert, Brown, and 
Cheeseman, 1952b; Albert, Brown, and Wood, 1954). Hence 
the following dehydrogenating reagents were examined for 
removal of hydrogen from the 3,4-dihydropteridines 
(suitable for use in neutral or alkaline solution): 
manganes e dioxide (Attenburrow et ~., 1952), potassium 
ferricyan ide, potassium permanganate, silver oxide, 
diethyl azodicarboxylate, 2,3-dichloro-5,6-dicyanobenzo-
quinone, and acetylacetonatomanganese (Charles, 1963). 
The action of these reagents on the dihydropteridines 
showed subtle differences depending upon the nature of 
the startin9 materials, products, and reagents. 
20 
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NH 
N,+R 
H 
(2.15) 
a) R = C02Et 
b) R= H 
o 
NH ) 
N 
NH ) 
N 
(2.16 ) (2.17) 
Previously 3,4-dihydropter idin-2-one (2.12) had been 
oxidized (Albert and Matsuura, 1961) to pteridin-2-one by 
potassium permanganate in alka line solution. The 
dihydropterid i ne (2.12) was oxidized similarly by 
potassium ferricyanide in alka line solution in 78% yield, 
although it was unchanqed when stirred in dimethyl 
sulphoxide with silver oxide at 100 0 or manganese dioxide 
at 120 0 . Attempted oxidation with diethyl azodicarboxy-
late or 2,3-dichloro-5,6-dicyanoben zoquinone caused 
considerable decomposition. 
Next, 2-amino-3,4-dihydropter idine (2 . 7c) was 
dehydrogenated to 2-aminopterid ine by potassium 
permanganate in aqueous pyridine in 74% yield (potassium 
ferricyanide at 50 gave 2-aminopte ridine in only 32% 
yield and manganese dioxide did not react) . 
3,4-Dihydropteridine (2.7a) was readily dehydro-
genated to pteridine in 52% yield by manganese dioxide 
in tetrahydrofuran, whereas diethyl azodicarboxylate 
gave pteridine in only 27% yield. The dihydropteridine 
(2.7a) formed many compounds when dehydrogenation was 
attempted with silver oxide, potassium ferricyanide, or 
potassium permanganat e. Acetylacetonatomanganese was a 
reagent not strong enough to dehydrogenate 
3,4-dihydropteridine (2.7a) to pteridine . 
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Similarly 3,4-dihydro-2-methylpteridine (2 . 7b) and 
ethyl 3,4-dihydropteridine-2-carboxylate (2 . 7d) were 
dehydrogenated to 2-methylpteridine and ethyl pteridine-
2-carboxylate with manganese dioxide in 80 and 68% 
yield respectively. 
(5) 6-Methylpteridine 
In the past, the synthesis of 6-methylpteridine, the 
only unknown monomethylpteridine, had often been attempted 
by condensation of 4,5-diaminopyrimidine with methyl 
glyoxal, in the presence of "methyl-di recti ng agents II such 
as sodium bisulphite or hydrazine . However these efforts 
led invariably to the isomeric 7-methylpteridine (Albert, 
Brown, and Wood, 1954), of which the orientation of the 
methyl group was proved by degradation. Hence it was 
decided to apply the new method for preparing pteridines 
from pyrazines to the preparation of the long-sought 
6-methylpteridine. 
First 3-amino-6-methylpyrazine-2-carboxamide (2 . 18) 
was prepared from 2-amidino-2-aminoacetamide (~) and 
methylglyoxal (Vogl and Taylor, 1959). The orientation 
of the methyl group had been definitely established as 
follows. Hydrolysis of the amide (2 , 18) furnished 
3-amino-6-methylpyrazine-2-carboxylic acid (2 19), 
which was decarboxylated to 2-amino-5-methylpyrazine 
(2.20)(Mowat ~~., 1948). 2-Amino-5-methylpyrazine 
(2.20) was synthesized unambiguously by first condensing 
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Me·C=O 
I 
H2N.CH-CONH2 
+ I 
H·C=O HN=C-NH2 
(2.2) 
Me N~ 
~ 
N~ NH2 
(2.20) 
Me N~ 
~ 
N~ CONH2 
(2.24) 
2 Me.CCH2NH2 
II 
o 
LMe I 
Me 
(2.21) 
Me 
Me 
Me 
Me 
~ 
(2.19 ) 
N 
~ 
~ 
N 
(2 . 23) 
N 
~ 
~ 
N 
(2 .22) 
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CONH2 
C02H 
NH2 
C02Me 
C02H 
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CONH2 Me 
~ 
(2./8 ) (2.25) 
Me NH Me 
N 
) 
(2.27) (2 . 26) 
Me ~N 
N 
) 
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(oxidatively) two molecules of aminoacetone to 2,5-dimethyl-
pyrazine (2.21)(Gabriel and Pinkus, 1893), which was 
oxidized to 5-methylpyrazine-2-carboxylic acid (2.22) 
(Stoehr, 1895). Esterification gave methyl 5-methyl-
pyrazi ne-2-carboxyl ate (2.23), whi ch was converted into 
the amide (2.24). The Hofmann reaction on the amide 
(2.24) produced 2-amino-5-methylpyrazine (2.20) 
(Wei j 1 a r d ~ ~., 1945). 
3-Amino-6-methylpyrazine-2-carboxamide (2.18) was 
dehydrated to the known 3-amino-6-methylpyrazine-2-
carbonitrile (2.25)(Jones and Cragoe, 1968). This 
nitrile was hydrogenated over Raney nickel to give 
2-amino-3-aminomethyl-5-methylpyrazine (2.26), which 
gave 3,4-dihydro-6-methylpteridine (2.27) when heated 
with triethyl orthoformate. The dihydropteridine (2.27) 
was readily dehydrogenated with manganese dioxide to 
6-methylpteridine (2.28)(m.p. 130 0 ). Although 
7-methylpteridine melts at 128 0 , which is close, a 
mixture of 6- and 7-methylpteridines melted at about 105 0 . 
(6) Formation of Imidazo[1,5-~]pyrazines 
2-Amino-3-aminomethylpyrazine (~), when heated 
with carbon disulphide in pyridine, did not give the 
expected 3,4-dihydropteridin-2-thione (2 . 29)(prepared 
from a pyrimidine source by Albert and McCormack in 
1968), but a di fferent, more aci di c (pK 8.74 ) compound 
-a 
(89% yield) to which the following structure was assigned: 
(2.31) 
R 3 
0) R = SH 
b) R= H 
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8-aminoimidazo[1,5-~Jpyrazine-3-thiol (2 . 30a) This 
imidazopyrazine (2.30a) was also obtained by the action 
of thiophosgene on the diamine (~) in 75% yield 
(however, the action of phosgene on the same diamine gave 
a mixture of many substances). Elementary analysis of 
the compound (2.30a) indicated the molecular formula 
C6H6N4S, and the i .r. spectrum (NuJol) showed a 
characteristic N-H bending primary amine absorption at 
1630 cm- 1 . Desulphurization of the compound (2.30a) 
by Raney nickel qave 8-aminoimidazo[1,5-~JPyrazine 
(2.30b), of which the n.m.r . snectrum in hexadeuterio-
dimethyl sulphoxide showed an AB quartet (2H) with 
principal peaks at T 2.37 and 3 . 05 (~AB 5 01 Hz, H-5 
and H-6) and three sinqlets at T 1 . 67 (lH, H-3), 
2.23 (lH, H-1) and 2.98 (2H, NH 2 , exchanqeable H). 
Because the compound (2.30b) was not diazotizable 
ln ~-hydrochloric acid, the moderately strong basic 
property of the compound (2 30b)(p~a 6.55, see Table 
2.1) was attributed to protonatlon of the imldazole 
ring (N-2). Another possible protonation site (N-4) 
• 
can be excluded because the protonatlon of indolizine 
(2.31) and azalndolizines does not take place on the 
bridgehead nitroqen atom (Fraser et ~. , 1962; 
Armarego, 1964 and 1965). In the mercapto compound 
(2.30a), the mobile proton (shown on S) may be mainly 
on N-2. 
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~ ........ ----------------------------------~ 
The first reported example of an imidazo[1,5-~]­
pyrazine was 7-methyl-1-methylaminoimidazo[1,5-~]­
pyrazin-6,8-(5H,7H)-dione, which was made from 
theophylline-7-acetic acid (Crippa and Crippa, 1955). 
A few other imidazopyrazines have been reported 
since (Bellini, 1961; Jucker and Rissi, 1962; 
Mertes and Patel, 1966), but none of them was as simply 
substituted as the two new derivatives reported above. 
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Table 2.1 
Ionfzatfon Constants and u. v. spectra 
Ionfzation in water (20 0 ) Spectroscopy in water C 
A. A 
I b' I Subs tance Specfes a p!a Spread Conc. A.w.1. A (nm . ) 109 e: pH (or Ho) max 
t (M) nm . 
Pyrazfne 
2-Amfno 0 230. ~, 316 e 4.02, 3.33, 3.70 7.0 
+ 3 . 14 d 229, 325 e 4 .0 3, 3.77 1.0 
2-Amfno-3-carbamoyle 0 246, lQ2" 350 4 . 06, 3 . 26. 3 . 80 6 . 1 
2-Amfno-3-cyano 0 245, 350 4.13, 3 . 82 2 
+ -0.43 0.04 1 . 5x10- 4 376 240, 356 4.18, 3.96 -3 
2-Amfno-3-amfnomethyl 0 230, 313 3.96, 3.73 11 
+ 8.40 f 0 . 03 1x10- 3 P 229, 313 4 .0 7, 3.78 4 
2+ 2.05 9 0.05 7 . 7x10- 5 335 227, 321 4.07, 3.85 0 
2-Amfno-3-ethoxy-
carbonylamfnomethyl 0 230, 314 3 . 97. 3.78 5 
+ 2.80 0.05 5.2xlO- 4 340 228, 322 4.01, 3.85 0 
2-Amfno-3-ethoxalyl-
amfnomethyl 0 227, 316 4.10, 3 . 79 5 
+ 2 . 61 0.04 7 . 1x10- 5 340 227, 322 4.11, 3.85 0 
2-Amfno-3-hydroxymethyl 0 231, 316 4 .00, 3 . 78 6 
+ 3. Ii 0.04 8.0x10- 5 340 231, 326 4.00, 3.84 0 
2-Acetoxymethyl-3-amfno 0 2.42 0 . 01 4.5x10- 5 340 231, 319 4.03, 3 . 78 6 
2-Acetamfdo-3-
acetoxymethyl 0 274, 290 3 . 81, 3 . 58 6 
2-Ethoxalylamfno 0 248, 283, 297 3.74, 3 . 93, 3.92 7 
Pterfdfne 
Unsubs tf tuted Oh 233, 298 + 308 3 . 47, 3 . 875+3.82 7.4 
0 263, 309 3 .72, 3.88 AC 
6-Methyl 0 303, 315 3.94, 3 . 90 6 
+f 3.89 0 . 04 1xlO- 3 P 306 3 . 96 2 
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Table 2.1 continued 
Pter1d1ne 
2-Ethoxycarbonyl 0 300, 311 j 3.97. 3.90 5 
0 318" 4.06 5 
+ 2.73 1 0.04 3.0xl0- 5 240 314 4.01 0 
3,4-D1hydro 0 335 3.96 9 
+ 6.36 0.04 4.7xl0- 5 343 311 3.90 4 
3,4-D1hydro-2-methyl 0 301, 335 3.66, 3.96 10 
+ 7.26 o .01 4.6xl0- 5 343 311 3.95 5 
3,4-Dihydro-6-methyl 0 301, 341 3.63, 3.96 9 
+ 6.66 0.03 4 . 7xl0- 5 343 316 4.01 4 
3,4-Dihydro-2-
3.74m ethoxycarbonyl 0 0.06 lxl0- 3 P 345 j 3.92 7 
0 218, 319 n 3.87, 3.84 7 
+? 226, 319 0 3.86, 3.91 0 
3,4-Dihydro-2-carboxy 342 P 3.93 13 
1,2,3,4-Tetrahydro 0 244, 287, 334 3.90. 3.20. 3.78 8 
+ 5.62 0.04 lxl0- 3 P 237. 289. 325 3.91. 3.29. 3.79 3 
2+ 0.10 0.02 4.7xl0- 5 345 234. 339 3.95. 3.86 -2 
l.2.3.4-Tetrahydro-2-
ethoxycarbonyl 0 241. 288. 328 3.85. 3.26. 3.80 6 
+ 3.31 0.07 lxl0- 3 P 228. 322 3.93. 3.81 
5.6.7.8-TetrahydroQ 0 6.63 0.02 10- 2 268. 306 3.69. 3.81 r 
5.6.7.8-Tetrahydro-
BC 6.7-bis-methylamino 0 263. 311 3.60. 3.75 
Imidazo[I.5-!lpyrazine 
8-Amino-3-thio 8.74 0.05 3.4xl0- 5 260 259. 289. 4.39. 4.11. 
300. 340 3.91. 3.40 13 
+ 5.66 0.04 1.lxl0- 4 273 235. 273. 285, 4.03. 4.27. ~. 
299. 346 4 . 09. 3.43 2 
8-Amino 0 274. 283. 299 3 . 70. 3 . 73. 3.68 10 
+ 6.55 0.06 7 . 6xl0- 5 285 267. 278. 299 3.73. 3.70. 3.61 4 
Table 2.1 continued 
Footnotes : 
aNeutral species {O}, cation {+}, dication {2+}, anion {-}. 
b Analytical wavelen~th for spectrometric determination {P potentiometric} as in Albert 
and Serjeant (1962). 
c Inflections are underlined {A, 14% aqueous ammonia. B, 20% aqueous methylamine} . 
d Values from Albert, Goldacre, and Phillips {1948}. 
e Values from Brown and Mason {1956}. 
f Ionization of the side chain of NH2 group. 
g Ionization of the ring NH2 group . 
h Values from Perrin {1962}. 
The P~a represents an equilibrium of hydrated and anhydrous species (see Section 4.1). 
j This spectrum was measured immediately after dissolution. 
k This spectrum was measured after equilibration with pH 5 buffer {4 days} . 
32 
The P~a represents an equilibrium of hydrated neutral species and hydrated cation {see Section 4 . 1} . 
m The p!a represents an equilibrium of anhydrous neutral species and anhydrous cation {see Sect i on 4 . 1} . 
n This spectrum was measured after equilibration with pH 7 buffer {2 days}. 
o The spectrum (cation, or cation plus neutral species) was measured after equil i bration wi th 
water followed by adjustment of the pH to O. 
p There is also a peak at 318 nm . {log E 3.94}{pH O}. 
both species . 
q Values from Brook and Ramage {1957} . 
r These values were converted to log E . 
The spectrum at pH 7 was a hybr i d of 
Section 3: pteridines from Der~vatives of 
3-Aminopyrazine-2-carbaldehyde 
(1) Introduction 
Success in devising the new pteridine synthesis 
(from 2-amino-3-aminomethylpyrazine) described above 
prompted the hope that a parallel synthesis from 
3-aminopyrazine-2-carbaldehyde (~) might also be 
possible. A nrecedent for such an approach would be 
Bischler's synthesis of 2-methylquinazoline, by first 
converting 2-aminobenzaldehyde into 2-acetam1dobenz-
aldehyde (Friedlander, 1882), then cyclization with 
ammonia to 2-methylquinazoline (Bischler, 1891). 
However 1t was realized that such a reaction would be 
at a comoarative disadvantage for two reasons, (a) the 
electron-attracting properties of the two doubly-bonded 
ring-nitrogen atoms added to that of the carbonyl group 
could decrease the availability of electrons to the 
primary amino qroup (and the first necessary reaction, 
acylation, 1S an electrophilic attack), and (b) hydrogen-
bond1ng between th1S amino qroup and the formyl group 
would further decrease its ease of acylation 
Nevertheless the react10n was cons1dered to be well 
worth explor1n9. 
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(2) Preparation of 3-Aminopyrazine-2-carbaldehyde 
The 3-aminopyrazine-2-carbaldehyde required for this 
reaction has been prepared hitherto only from pteridine, 
namely by acid hydrolysis (Albert, Brown, and Wood, 1956; 
Albert and Yamamoto, 1968b). Apart from the absurdity 
of settina out to prepare pteridine from pteridine, this 
preparation suffers from being long and troublesome. 
For 20 years, many unsuccessful attempts have been made 
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to prepare the aldehyde (~) from pyrazine intermediates. 
Thus oxidation of 3-aminopyrazine-2-carboxyhydrazide with 
ammoniacal potassium ferr;cyanide gave only 3-amino-
pyrazine-2-carboxamide (Albert, Brown, and Cheeseman, 1951), 
nor was the aldehyde (~) obtained from 3-aminopyrazine-
2-carboxy(N
' 
-toluene-p-sulphonyl)hydrazide by McFadyen 
and Stevens l method (idem, ibid.), or by the reaction of 
3-aminopyrazine-2-thiocarboxamide with Raney nickel 
(Albert, Brown, and Wood, 1956), or ethyl 3-aminopyrazine-
2-carboxylate with sodium amalgam (idem, ibid.). 
After some experimentation, this long-sought 
3-aminopyrazine-2-carbaldehyde (~) was prepared 
conveniently by oxidizing 2-amino-3-hydroxymethylpyrazine 
(~), which was made first by Albert and Matsuura (1961) 
by reducing methyl 3-aminopyrazine-2-carboxylate in 46 % 
yield. The alcohol was prepared by first hydrolysing 
3-aminopyrazine-2-~arboxamide (~) to the corresponding 
acid (~)(Vogl and Taylor, 1959), which was esterified 
with sulphuric acid in methanol to give methyl 3-amino-
pyrazine-2-carboxylate (~)(Ellingson ~~., 1945). 
Reduction of the ester with lithium aluminium hydride 
gave the alcohol (~). A modification which improves 
the yield of this alcohol is recorded in the Experimental 
Section. The oxidation of the alcohol (~) with 
manganese dioxide gave the aldehyde (~) in 84% yield. 
However oxidation with selenium oxide gave only a low 
yield and oxidation with ammonium ceric nitrate 
(Trahanovsky ~~., 1967), diethyl azodicarboxylate 
(Yoneda et ~., 1967), or pyridine dichromate (Coates 
and Corrigan, 1969) gave only complex mixtures of 
unidentified substances. 
In preliminary work, some other possible pyrazine 
intermediates for the preparation of the aldehyde were 
examined. An aminomethyl derivative can often be 
converted into the corresponding aldehyde by Sommelet's 
method (cf. 3-aminomethylpyridine)(Angyal et ~., 1953), 
or by oxidation with manganese dioxide (Wilson and 
Harris, 1951), or by the action of nitrosobenzene or 
thionyl chloride (Graf, 1936). However, attempted 
preparation of the aldehyde (~) from 2-amino-3-
aminomethylpyrazine (~) by these general methods 
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(2./) 
(3.2) ( 3.4) 
(3. I) 
caused formation of many unidentifiable compounds and no 
3-aminopyrazine-2-carbaldehyde was obtained Attempted 
conversion of the acid (~) into 3-aminopyraz;noyl 
chloride (~)(which would be a useful intermediate for 
the preparation of the aldehyde) with thionyl chloride 
in dimethylformamide or dioxane was unsuccessful. 
Depending on conditions, it led either to decomposition 
or to recovery of the starting material. Also, 
attempted reductlon of ~-(3-aminopyrazin-2-oyl)piperidine 
(~), prepared from methyl 3-aminopyrazine-2-
carboxylate (~) and piperidine, was unsuccessful. 
Because pyrazine-2-carbaldehyde was prepared from the 
correspondinq carboxy ester by lithium aluminium hydride 
(Rutner and Spoerri, 1963), attempts were made to reduce 
methyl 3-aminopyrazine-2-carboxylate (~) with lithium 
aluminium hydride When the ester (~) was reduced 
with half a molar proportion of lithium aluminlum hydride 
o 
at 0 or room temperature, thln layer chromatoqraphy 
showed that a mlxture of the ester (~), the aldehyde 
(~), and the alcohol (~)(ratio ~ 1:1:1) was formed. 
Another klnd of intermedlate, 2-aminonyrazlne ( Gabriel 
and Sonn, 1907; Hall and Spoerrl, 1940) was examlned, 
but appllcation of the general method of Vilsmeier and 
Haak (1927) was unsuccessful in convertlng it lnto the 
aldehyde (~). 
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N~ COCI 
(3.5) 
N~ CH=NH 
COSMe 
(3.9) 
(3 . 6) 
(3.8) 
/SMe 
C=NH 
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South African chemists have reported three general 
methods of preparing aldehydes from the corresponding 
nitriles usinq Raney nickel (with or without sodium 
hypophosphite) or Raney nickel alloy (Backeberg and 
Staskun, 1962; Staskun and Backeberg, 1964; van Es and 
Staskun, 1965). Application of these methods to 
3- aminopyrazine-2-carbonitrile (~) led only to 
recovery of the starting material or to destruction. 
Similarly, attempted reduction of the nitrile (~) 
with lithium aluminium hydride or anhydrous stannous 
chloride-hydrogen chloride (Stephen1s method) was 
unsuccessful. Reduction of the nitrile (2 . 4) over 
Raney nickel in the presence of an aldehyde trap 
(Plieninger and Kiefer, 1957), such as NNI-diphenyl-
ethylenediamine, semicarbazide, or hydroxylamine, 
did not give the corresponding derivatives of 
3-aminopyrazine-2-carbaldehyde . The nitr,le (~) 
usually underwent further reduction to give 2-amino-
3-aminomethylpyrazine (~). This suggested that the 
intermediate, 2-amino-3-iminomethylenepyrazine (~), 
was more susceptible to further reduction than to the 
action of the trapping substances . ThlS result is 
consistent with the surprising lack of secondary amine 
in the product from reductlon of the nitrile (~) 
in the absence of acid or ammonia (see Section 2 . 1). 
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3-Aminopyrazine-2-carbonitrile (2 . 4) was converted 
into 3-aminopyrazine-2-~-methylthioamide (3 . 8) with 
methanthiol and a catalytic amount of sodium hydroxide 
Attempted preparation of 2-amino-3-iminomethylenepyrazine 
(~) from this methylthioimidate (~) with Raney nickel 
was unsuccessful . The methylthioimidate (3 08) easily 
eliminated methanthiol to give 3-aminopyrazine-2-
carbonitrile (~) when heated under reflux in ethanol . 
The methylthioimidate (3 . 8) was readily hydrolysed to 
2-amino-3-(methylthio)carbonylpyrazine (~) in dilute 
hydrochloric acid . Thin layer chromatography showed 
that reduction of the thiol ester (3 09) over Raney 
nickel (which was first deactivated by acetone) gave many 
compounds [one of the main products was 2-amino-3-
hydroxymethylpyrazine (~)] but no trace of the 
required aldehyde (~) . 
(3) Acylation of 3-Aminopyrazine-2-carbaldehyde 
and its Methyl Acetal 
Early workers (Albert, Brown, and Wood, 1956 ) 
attempted cyclization of 3-amlnopyrazine-2-carbaldehyde 
(~) with urea or urethane at 150 0 , with urea and 
formic aCld at 125 0 , wlth aqueous urea or urethane and 
trace of copper acetate, and with guanidine carbonate 
at 200 0 in the hope of obtaining pteridin-2-one or 
2-aminopteridine However none of these attempts was 
successful . Also, pteridine (parent substance) 
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was not obtained from the aldehyde (~) by heating with 
formamide at 12S? (idem, ibid.). 
In the present work, the aldehyde (~) also did not 
give 2-aminopteridine with guanidine (free base) in 
ethanol, methyl isothiouronium chloride in dioxane, m€thyl 
isothiourea, or cyanamide. Hence, it was decided that a 
similar cyclization reaction should be attempted after the 
aldehyde (~) had been appropriately acylated. This was 
done to see which of the two steps (reaction with -CHO or 
NH 2 ) gave the greater difficulty. It was found that the 
aldehyde (~) resisted acylation with acetic anhydride 
at 140 0 , acetyl chloride in acetone (under reflux), 
ethoxalyl chloride at room temperature, or ethyl chloro-
formate in chloroform (under reflux or at room temper-
ature). However 3-formamidopyrazine-2-carbaldehyde 
(3.10a) had been prepared (Albert and Yamamoto, 1968b) 
from the aldehyde (~) with acetic formic anhydride in 
26% yield. [In fact it was a by-product in making the 
anhydro-trimer of the formylated aldehyde (3.10a)]. 
It was reasoned that the difficulty experienced ln 
acylating the aldehyde (~) arose from the reduced 
availability of electrons on the amino group as 
discussed already in Section 3.1. Hence it was decided 
to remedy this difficulty be converting the aldehyde 
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(~) into the corresponding methyl acetal, 2-amino-3-
dimethoxymethylpyrazine (3.lla). This was effected with 
the boron trifluoride-methanol complex. The n.m.r. 
spectrum of the acetal (3.lla) in deuteriochloroform 
consisted of peaks at T 1.96 and 2.09 due to pyrazine 
ring protons, 4.37br due to NH 2 , 4.68 due to disubstituted 
methyl proton, and 6.52 due to the dimethoxy group. The 
i .r. analysis (on undiluted material) showed four peaks 
at 3470s, 3360s, 3200m, 3060m cm- l due to the primary 
amine, but no peak d~e to a carbonyl group between 1615 
and moo cm- l . This acetal (3.lla) gradually decomposed 
when stored at room temperature and distilled at ca 100 0 . 
The acetal was used for the next preparation without 
purification. 
Acetylation of the acetal (3.lla) with acetyl 
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chloride at room temperature gave 2-acetamido-3-
dimethoxymethylpyrazine (3.llb), which was easily 
hydrolysed to 3-acetamidopyrazine-2-carbaldehyde ·(3.l0b) 
when heated under reflux in aqueous pyridine hydrochloride. 
Similarly, the same acetal (3.lla) was acylated with 
ethyl chloroformate to 2-dimethoxymethyl-3-ethoxy-
carbonylaminopyrazine (3.llc), which was hydrolysed to 
3-ethoxycarbonylaminopyrazine-2-carbaldehyde (3.l0c) 
with aqueous pyridine hydrochloride. For preparative 
purposes, the acylated acetals, (3.llb) and (3.llc), 
were not isolated. For analytical purposes, 
the acetamido acetal (3.11b) was isolated by thin layer 
chromatography followed by distillation. The same 
procedure did not give the pure ethoxycarbonylamino 
acetal (3.11c) because it decomposed during the 
chromatographic procedure. 
When the acetal (3.11a) was stirred with acetic 
formic anhydride (~1uramatsu et ~., 1965), 
2-dimethoxymethyl-3~formamidopyrazine (3.11d) was 
obtained in 53% yield (based on 3-aminopyrazine-2-
carbaldehyde). Although the formamido acetal (3.11d) 
was not hydrolysed to 3-formamidopyrazine-2-carbaldehyde 
(3.10a) with aqueous pyridine hydrochloride, this 
hydrolysis was effected in 12% yield when the formamido 
acetal (3.11d) was stirred with toluene-p-sulphonic 
acid in acetone; thin layer chromatography showed the 
formamido acetal (3.11d) was also hydrolysed to 
3-aminopyrazine-2-carbaldehyde (~) and 2-amino-3-
dimethoxymethylpyrazine (3.11a), and that the hydrolysis 
was accompanied by further decomposition products. 
2-Dimethoxymethyl-3-ethoxalylaminopyrazine (3.11e), 
similarly prepared from the acetal (3.11a) and ethoxalyl 
chloride, was hydrolysed to 3-ethoxalylaminopyrazine-2-
carbaldehyde (3.10d) in 24 % yield when heated under 
reflux with toluene-£-sulphonic acid in acetone. The 
yield of the ethoxalylamino aldehyde (3.10d) was not 
improved when this compound was hydrolysed with 
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O.l~-hydrochloric acid at room temperature, with aqueous 
ethoxalic acid (90% or 10%) at room temperature, or with 
aqueous pyridine hydrochloride. The ethoxalylamino 
aldehyde (3.10d) was obtained in about 5% yield when 
stirred with Amberlite IR 120 (in its acid form) in 
acetone for 5 hr. The ethoxalylamino acetal (3.11e) 
was unchanged when heated under reflux with oxalic acid 
or chloroacetic acid in acetone for 12 hr. 
2-Dimethoxymethyl-3-trifluoroacetamidopyrazine 
(3.11f) was prepared similarly from the acetal (3 . 11a) 
and trifluoroacetic anhydride. Thin layer chromato-
graphy showed hydrolysis of this trifluoroacetamido 
acetal (3.11f) mainly gave 3-aminopyrazine-2-carbaldehyde 
(~) and 2-amino-3-dimethoxymethylpyrazine (3.11a), 
besides other decomposition products when hydrolysed 
with toluene-p-sulphonic acid. The trifluoroacetamido 
acetal (3.11f) showed little tendency to form the 
corresponding aldehyde. 
The above data indicated that differences in the 
acyl group (R) attached to the amino qroup in the 
compounds (3.11) strongly affected the ease of 
hydrolysing the acetal group. The pK values of the 
-a 
acids corresponding to these acyl groups are as follows: 
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carbonic acid 6.37 (P~l)' acetic acid 4.76, formic acid 
3.75, oxalic acid 1.27 (pf1), and trifluoroacetic acid 0.23. 
Thus the acylamino acetals derived from the stronger 
acids were the more difficult to hydrolyse to aldehydes. 
This accords with the fact that an aldehyde substituted 
by an electron-deficient residue has more tendency to 
add nucleophiles such as water and alcohols and to be 
stabilized as an acetal; in the present case, the more 
electron-attracting group stabilized the acetal groups 
ln the ortho position. 
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On the other hand, an amide such as trifluoro-
acetamide with a strongly electron-attracting substituent 
is hydrolysed more easily than an amide such as acetamide. 
Such considerations clearly account for differences ln 
the ease of converting the pyrazine acetals into 
aldehydes. 
2-Amino-3-dimethoxymethylpyrazine (3.11a) failed 
to react with ethyl chlorodithioformate (3.12), 
prepared from ethanthiol and thiophosgene (Blackman 
and Dewar, 1957). Moreover this acetal (3.11a) 
gradually decomposed when stirred with cyanogen bro mi de, 
and likewise when heated under reflux with free 
guanidine in ethanol. 
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N ~~--CHO 
NHR NHR 
(3. 10) (3. II) 
a) R= CHO a) R=H 
b) R = COMe b) R= COMe 
c) R = C02Et c) R = C02Et 
d) R= COC02Et d) R= CHO 
e) R= COC02Et 
f) R= COCF3 
CICSSEt 
(J .12) 
(3.13 ) 
(4) Action of Various Reagents on 
2-Amino-3-hydroxymethylpyrazine 
A 3-hydroxymethylpyrazine which had a substituent such 
as guanidino or ureido in the 2-position could be a useful 
intermediate to prepare either a 3,4-dihydropteridine or a 
pyrazine-3-carbaldehyde substituted by a guanidino or 
ureido group. However 2-amino-3-hydroxymethylpyrazine 
(Albert and Matsuura, 1961)(~) failed to react with 
potassium cyanate in dilute acid solution to give the 
2-ureido derivative, with methylisothiouronium chloride 
or cyanamide to give the 2-guanidino derivative, or even 
with cyanogen bromide to give the 2-cyanoamino derivative; 
nor did it react with ethyl chloroformate to give 
2-ethoxycarbonylamino-3-hydroxymethylpyrazine. Hence 
it was of interest that acetylation of 2-amino-3-
hydroxymethylpyrazine (~) with acetic anhydride and 
pyridine at room temperature gave, unexpectedly, 
2-acetoxymethyl-3-aminopyrazine (3.13) in 75 % yield. 
Also hydrolysis of 2-acetamido-3-acetoxy methylpyrazi ne 
[which was obtained by refluxing 2-a mino-3-
hydroxymethylpyrazine (~) with acetic an hy dride] 
gave 2-acetoxymethyl-3-aminopyrazine ( 3 . 13 ) as a mai n 
product when refluxed in dilute acid solutio n ( pH 3 ) 
although the hydrolysis was acco mpanied by cons i derable 
decomposition. Hydrolysis of 2-aceta mido-3-aceto xy-
methylpyrazine ln O.l~-sodiu m hydroxide, et hanolic 
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ammonia at room temperature, or a phosphate buffer (pH 8) 
at 100 0 , gave 2-amino-3-hydroxymethylpyrazine (~). 
The orientation of the acetyl group in the compound 
(3.13) was confirmed by comparison of pK values, and the 
-a 
n.m.r. and u.v. spectra. The basic group of 
2-acetoxymethyl-3-aminopyrazine (3.13) is weak and 
(pK 2.42) similar to that of 2-amino-3-hydroxymethyl-
-a 
pyrazine (p~a 3.11), but not weak enough to be the 
~-acetylated isomer. The u . v. spectrum of the acetoxy 
derivative (3.13) [Amax.231 and 319 nm. at pH 6 (neutral 
species)] was almost identical with that of 2-amino-3-
hydroxymethylpyrazine [A 231 and 316 nm. at pH 6 
max. 
(neutral species)](cf . A 274 and 290 nm. for 
max. 
2-acetamido-3-acetoxymethylpyrazine at pH 6) . The 
n.m.r. spectrum of the acetoxy derivative (3.13) in 
deuteriochloroform consisted of peaks at T 1.91 and 2.02 
(total 2H, AB q, ~ 2.6 Hz, pyrazine ring), 4.76 (2H, s, 
CH 2), ~ 4.8br (2H, s, NH 2) and 7.89 (3H, s, COCH 3 ) . 
The chemical shift of the methylene peak ( T 4 . 76) was 
almost identical with that of 2-acetamido-3-acetoxy-
methylpyrazine (T 4.74) and 0.51 ppm lower than that of 
2-amino-3-hydroxymethylpyrazine (~). 
Attempted preparation of the isomeric 2-acetamido-
3-hydroxymethylpyrazine from methyl 3-acetamidopyrazine-
2 - car boxy 1 ate (D all a c k era n d S t e i n e r, 1962) [p rep are d 
from methyl 3-aminopyrazine-2-carboxylate (~) and 
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acetic anhydride] by reduction with lithium aluminium 
hydride or lithium borohydride was unsuccessful. 
(5) Cyclization of Acyl Derivatives of 
3-Aminopyrazine-2-carbaldehyde to Pteridines 
Although the above acylaminoaldehyde acetals could 
not be cyclized to pteridines in ethanolic ammonla, 
several of the derived acylamino aldehydes underwent the 
required cyclization. 
Attempted synthesis of pteridine from 3-formamido-
pyrazine-2-carbaldehyde (3.10a) and alcoholic ammonia 
at 87 0 caused considerable decomposition (Albert and 
Yamamoto, 1968b). In the present work it was found 
that the aldehyde (3.10a) gave pteridine, although in 
only about 3% yield, when stirred in ethanolic ammonia 
at 00 • Thin layer chromatography showed the cyclization 
was accompanied by formation of many unidentifiable 
compounds. The aldehyde (3.10a) was unchanged when 
stirred at -45 0 . Similarly, 3-ethoxalylaminopyrazine-
2-carbaldehyde (3.10d) gave crude ethyl pteridine-2-
carboxylate in about 6% yield when stirred with ammonia 
ln tetrahydrofuran at 00 • 
Better results were obtained with 3-acetamido-
pyrazine-2-carbaldehyde (3.10b) which gave 2-methyl-
pteridine in 34 % yield when stirred in ethanolic ammonia 
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at 00 • Also 3-ethoxycarbonylaminopyrazine-2-carbaldehyde 
(3.10c) gave pteridin-2-one in 55 % yield when stirred in 
ethanolic ammonia at room temperature. 
The yields of pteridines varied considerably 
depending upon the nature of acyl group attached to 
the aminopyrazinecarbaldehyde. It seemed, that under 
the cyclization reaction conditions, acylaminopyrazine-
carbaldehydes which had an acyl group with an electron-
releasing group such as acetyl or ethoxycarbonyl were 
more stable than those with a formyl or ethoxalyl 
group; moreover, the resulting pteridines which had no 
electron-releasing group were the less stable because 
of a greater tendency to form a covalent adduct with 
a nucleophilic reagent such as ammonia (see Section 4.2). 
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Section 4: Covalent Addition of Nucleophilic 
Reagents to Pteridines 
(1) Covalent Hydration 
The phenomenon of covalent hydration was first 
discovered in the pteridine series (Albert, Brown, and 
Cheeseman, 1952a; Albert, 1955; Brown and Mason, 1956). 
Later it was found in other families of TI-deficient 
heteroaromatic cycles such as quinazolines (e.g. Albert, 
Armarego, and Spinner, 1961a, 1962b) 1 pyrimidopyridines 
(e.g. Armarego, 1962), pyrazinopyridines (Batterham, 
1966), pyrazinopyrazines (idem, ibid.), and 8-azapurines 
(e.g. Albert, 1966). The covalent hydration site is, 
in general, across the 3,4-double bond in a pyrimidine 
moiety or across the 1,2- and 3,4-double bonds in a 
pyrazine moiety. Thus, in the pteridine series, there 
are two hydration sites, the choice of which depends 
upon a substituent and its position (e.g. Albert, 
Batterham, and McCormack, 1966). 
The neutral species of pteridine 1S predominantly 
anhydrous. The ratio of the anhydrous to the hydrated 
neutral species [3,4-dihydro-4-hydroxypteridine (~)] 
is 3.5 (Perrin, 1962). However in dilute acid solution, 
pteridine undergoes rapid covalent hydration across the 
3,4-double bond to give the cation of the 3,4- mono-
hydrate (~); this slowly equilibrates further with 
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water to give a mixture of the 3,4-monohydrate and the 
5,6:7,8-dihydrate [5,6,7,8-tetrahydro-6,7-dihydroxy-
pteridine (~)](as cations)(Albert, Batterham, and 
McCormack, 1966). Insertion of a methyl group at the 
site of hydration hinders the addition of water (both 
by steric and electronic effects). On the other hand, 
a strongly electron-attracting group at the same site 
exerts steric hindrance (kinetic) but electronic 
facilitation (thermodynamic) . In neutral and acid 
solution, 4-trifluoromethylpteridine undergoes covalent 
hydration across the 3,4-double bond to give the 
3,4-monohydrat~ (Clark and Pendergast, 1969) although 
ethyl pteridine-4-carboxylate gives the 5,6:7,8-
dihydrate (Clark, 1967). 
(a) 6-Methylpteridine 
The P~a and the u . v . spectra of 6-methylpteridine 
(both neutral species and cation at equilibrium) 
closely resembled those of pteridine (Albert, Brown, 
and Cheeseman, 1951) and of 2- and 7-methylpteridines 
(Albert, Brown, and Wood, 1954) . These data suggested 
that the cation of 6-methylpteridine, like its three 
1 
relatives, underwent covalent hydration . The H n .m. r . 
spectrum showed that the neutral species of 6- methyl-
pteridine existed mainly as the anhydrous species in water 
at 33.3 0 (assignments of peaks are sho wn i n Table 4 . 1). 
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Table 4.1 
1H N.m.r. spectra at 33.3 0 
T Values for protons solvent b 
Pteridines 
unsubstituted 
7-Methyl 
6- Methyl 
2-Ethoxycarbonyl 
H ( 2 ) H ( 4) H(6)a 
0.33 0.20 0 . 85 
1.23 3.40 1 . 26 
1.53 2 . 12 4.65 
0.43 0.32 1.02 
1.25 3 . 43 1.32 
1.55 2.16 5 . 00 
0.46 0.31 
1.23 3.42 
1.46 2.10 
-0.05 0 . 3g e 
H ( 7) a 
0.67 c 
1.33 d 
4 . 80 d 
0 . 56 
1.37 
4 . 74 
e,f 
0 . 54 
CH 3 
7.04 
7.31 
8.22 
A 
B* 
B** 
A 
B* 
B** 
C 
B* 
B** 
C 
2,13 4,62 e 4 . 83 e ,g - C** 
Footnotes for Table: 
aAssignments for H(6) and H(7) are interchangeable . 
b A, Deuteriochloroform; B, Deuteriochloric acid; 
C, Deuterium oxide . c Values from Matsuura and Goto 
(1963). d 
(1966). e 
Values from Albert, 
Doublet (~ 1.7 Hz). 
Batterham, and McCormack 
f The peaks for C2H5 
are at 5.30 (q) and 8.44 (t)(~ 7 . 7 Hz). 
........ 
-
Footnotes for Table continued: 9 The peaks for C2H5 are 
at 5.56 (q) and 8 . 52 t) (~ 7 07 Hz) . 
Suffixes: *, the 3,4-hydrate; **, the 5,6:7,8-dihydrate. 
On acidification (pH ca 1), the cation of the 3,4-hydrate 
was rapidly formed, then it slowly came to equilibrium 
with the 5,6:7,8-dihydrate; chemical shift values agreed 
with those reported (Albert, Batterham, and McCormack, 
1966) for the cations and 7-methylpteridine (cf. 
Table 4.1) . The ratio of the 3,4- to 5,6:7,8-hydrate 
at equilibrium was found to be ca 4 [cf o 0 0 25 for 
pteridine (idem, ibid . )J. 
By rapid reaction technique [see Perrin (1965) for 
details], the pK of the shortlived equilibrium between 
-a 
the (stable) hydrated cation and the (unstable) 
hydrated neutral species, was found to be 4 . 98 
[expressed below as pK (hyd)] 0 
-a The loss of basic 
strength, shown by the fall to 3.89 [pK (equil)] when 
-a 
time-independent equilibrium was achieved, provided 
further evidence of hydration and permitted calculation 
of ~2' the ratio of hydrated to anhydrous neutral 
species at equilibrium (20 0 ), from the approximation 
(idem, ibid .) : 
-log ~2 = p~a(hyd) - p~a(equil) . 
~2 was found to be 0 081 and hence 6-methylpteridine 
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1S much less hydrated than pteridine (idem, ibid.) for 
which the corresponding ratio is 0.29. This is what 
might be expected from the +I character of the methyl 
group, because hydration is a nucleophilic reaction . 
(b) Ethyl Pteridine-2-carboxylate 
The u.v . spectrum of a fresh solution of ethyl 
pteridine-2-carboxylate in buffer at pH 5 closely 
resembled that of the anhydrous neutral species of 
6-methylpteridine, but gradually changed during 4 days 
until equilibrium with a new species was established. 
In acid solution (pH 0), ethyl pteridine-2-carboxylate 
immediately showed the spectrum of the cation of this 
new species, the pK value of which was found to be 
-a 
2.73 at 20 0 (Table 2 . 1). These indications of covalent 
hydration were confirmed by the n . m. r . spectra c A 
fresh solution of ethyl pteridine-2-carboxylate 1n 
deuterium oxide showed peaks characteristic of an 
anhydrous species (see Table 4 . 1), but peaks, at high 
field and characteristic of a 5,6:7,8-dihydrate, soon 
began to appear . After setting the solution aside (at 
25 0 for 48 hr.), only the peaks due to the latter species 
remained. These n.m . r . spectra also showed that there 
is little tendency to form a 3,4-hydrate . These results 
are consistent with data (Armarego and Smith, 1966) from 
the quinazoline series in which any group that reduces 
polarization of the 3,4-bond discourages hydration in 
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the pyrimidine ring. On the other hand, pteridines 
which bear an electron-attracting group in the 
4-position form stable hydrates even in the neutral 
species (cf . Clark, 1967, 1968; Clark and Pendergast, 
1968, 1969), although the hydrated neutral species of 
pteridine is unstable and rapidly regenerates pteridine. 
(c) Ethyl 3,4-Dihydropteridine-2-carboxylate 
The covalent hydration of dihydropteridines has 
been little explored. Of the dihydro-compounds, only 
ethyl 3,4-dihydropteridine-2-carboxylate (2.7d) showed 
any evidence of hydration using the criteria of Albert 
and Armarego (1965) . In water at 20 0 , the U.v . 
spectrum of the dihydropteridine (2 . 7d) gradually 
changed during 2 days and came to equilibrium with a 
species, of which the U.v. spectrum resembled that of 
ethyl 1,2,3,4-tetrahydropteritline-2-carboxylate (see 
Table 2.1). This reaction, faster in acid solution, 
was followed by n.m . r . The freshly dissolved compound 
(2 . 7d) in deuteriochloric acid (pH ca 1) gave a 
spectrum due to the cation of anhydrous ethyl 
3,4-dihydropteridine-2-carboxylate (2 . 7d) [T 1.47 and 
1.55 (total 2H, AB q, ~ 2.6 Hz, H-6 and H-7), 4.80 
(2H, s, 4-CH 2), 5.40 and 8.59 (2H, q and 3H, t 
respectively, ~ 7.7 Hz, CH 2CH 3 )]· After setting the 
solution aside for 1.5 hr., the spectrum showed new 
56 
N 
~ 
~N 
N 
~ 
~ 
N 
(4. I) 
NH 
N 
) 
NH 
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H C02Et 
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H 
N ~N HO 
HO ) 
N N 
H 
(4.2) 
peaks (due to a new species) as well as the former ones 
(integration ratio 1:1). The new peaks were a typical 
AB quartet with principal peaks at T 1.15 and 1.29 
(~2.6 Hz, H-6 and H-7) and a singlet at T 5.54 (4-CH 2). 
These data at first suggested that the compound (2.7d) 
underwent covalent hydration across the 1,2-double bond 
to give the cation of the hydrate (~). However it 
was unexpected that saturation of the pyrimidine ring 
would cause the pyrazine ring protons to move downfield. 
After 3 days at pH 1, the contents of the sample tube 
gave only weak signals (apart from peaks due to ethanol) 
because of the precipitation of 3,4-dihydropteridine-2-
carboxylic acid (2.7e). The possible ring opened 
structures (2.11c) and (2.13) are highly improbable 
because the u.v. spectrum of the neutral species of the 
hydrate (~) was very different from that of 
2-ethoxalylaminopyrazine (~)(see Table 2.1 and 
Fig. 4.1), which 1S expected to have very similar u.v. 
spectrum to that of 2-aminomethyl-3-ethoxalylamino-
pyrazine (2.13); also, another ring opened structure 
(2.11c) can be excluded because this hydration reaction 
is reversible [2-amino-3-ethoxalyla minomethylpyrazine 
(2.11c) was not cyclized to the dihydro-pteridine 
(2.7d)(see Section 2.2c)]. 
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a: Ethoxalylaminopyrazine in water at pH 7. 
b: Ethyl 1,2,3,4-tetrahydro-2-hydroxy-
pteridine-2-carboxylate in water at pH 6. 
c: Ethyl 1,2,3,4-tetrahydropteridine-2-
carboxylate in water at pH 7. 
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The pK for the equilibr ium of compound (2 . 7d) 
-a 
between the anhydrous cation and the anhydrous neutral 
species, obtained potentiometrically within 15 minutes 
o 
of dissolving the specimen, was found to be 3 . 74 at 20 . 
However, no time-independent equilibrium pK could be 
-a 
bbtained either potentiometrically (because of the poor 
solubility of the hydrate) or spectrophotometrically 
(there was too little u . v . spectral change between 
pH 0 and 7) . 
A comparison of the ultraviolet spectra (long 
wavelength) of the neutral species of ethyl 3,4-
dihydropteridine-2-carboxylate (2 . 7d) with that of 
ethyl 1,2,3,4-tetrahydropteridine-2-carboxylate 
showed a hypsochromic shift of 9 nm . A similar shift 
was found when comparing the spectrum of the neutral 
species of pteridine 3,4-hydrate (~) with that of 
3,4-dihydropteridine (17 nm . ); also a shift of 26 nm. 
was recorded in the corresponding quinazolines 
(Albert, Armarego, and Spinner, 1962b) . 
(2) Ammonia Adduct of Pteridine 
Because the attempted synthesis of pteridine from 
3-formamidopyrazine-2-carbaldehyde with ammonia gave 
a poor yield (about 3%), it was necessary to exa min e 
the behaviour of pteridine towards ammonia . 
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Although the u. v. spectrum of pteridine in a weak 
alkaline solution (borate buffer, pH 9 . 5) was identical 
with that in a neutral solution (pH 7 . 4), the spectrum 
of pteridine in 14% aqueous ammonia was different but 
very similar to that of the neutral species of 
5,6,7,8-tetrahydropteridine (Brook and Ramage, 1957) 
(see Table 2.1). This suggested that pteridine added 
ammonia across the 5,6- and 7,8-double bonds to give 
6,7-diamino-5,6,7,8-tetrahydropteridine (4 . 5a) in 
aqueous ammonia. The crude ammonia adduct was 
precipitated when pteridine was stirred in ethanolic 
ammonia while a gentle stream of ammonia was passed . 
Paper chromatography showed that small amounts of 
several unidentifiable compounds were also formed 
(they were different from 6,7-diaminopteridine, 
4,5-diaminopyrimidine, and 3-aminopyrazine-2-
carbaldehyde). Attempted purification of the crude 
ammonia adduct (4 05a) was unsuccessful because of a 
tendency to eliminate ammonia . Attempted oxidation 
of the ammonia adduct (4 . 5a) to the known 6,7-diamino-
pteridine (Albert and Clark, 1965) by air, manganese 
dioxide, silver oxide in t-butanolic ammonia, potassiu m 
permanganate, silver nitrate, or hydrogen peroxide in 
aqueous ammonla was unsuccessful . 
The methylamine homologue (4.5b) of the amm onla 
adduct was more successfully prepared from pteridine 
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RHN 
H 
N 
N 
H 
(4.5) 
a) R = H 
b) R = Me 
N 
~ 
~N 
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,NHMe 
CH'NHMe 
N=CH-NH 2 
(4.6) 
with ethanolic methylamine. The methylamine adduct 
(4.5b) was obtained in excellent yield as a stable 
solid, but it gradually eliminated methylamine when 
dissolved in water or ethanol . The ele mentary analysis 
indicated that pteridine had added two molecules of 
methylamine. The U.v . spectrum of this methylamine 
adduct (4 . 5b), measured in 20% aqueous methylamine, 
was almost identical with that of the ammonia adduct 
(4.5a) in 14% aqueous ammonia (see Table 2 . 1). The 
n.m.r. spectrum of the methylamine adduct (4 &5b) in 
hexadeuteriodimethyl sulphoxide showed four sharp 
singlets at T 2 . 02 (lH), 2 . 34 (lH), 7.69 (3H) , and 
7 . 74 (3H) due to protons of H-2, H-4, and ~-methyl 
groups, two slightly broad singlets at T 2 006 (lH) 
and 3.49 (lH) due to NH-8 and NH-5, and three 
multiplets at T 6 . 05 (lH), 6 . 17 (lH), and ~ 7.8 (2H) 
due to protons of H-6, H-7, and NH protons of the 
methylamino groups. After deuterium exchange, peaks 
at T 2.06, 3.49, and ca 7 . 8 disappeared and two 
multiplets at T 6 . 05 and 6.17 collapsed to a doublet 
(cf. this doublet was integrated for one proton, 
another doublet could not be observed because of the 
large peak of water). These data established that 
pteridine added two molecules of methylamine across 
the 5,6- and 7,8-double bonds to give 6,7-bis-
methylamino -5,6,7,8-tetra hydropteridine (4 . 5b). 
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A possible ring opened structure (~) can be excluded 
because the aliphatic protons at T 6 . 05 and 6 . 17, 
after deuterium exchange, were shown to be a doublet 
and no extra vinyl proton due to the amidine group 
was observed. 
It is now well-known that, in neutral aqueous 
solution, pteridine exists as a mixture of anhydrous 
pteridine and 3,4-dihydro-4-hydroxypteridine (~) 
(ratio, about 3.5)(Perrin, 1962) . When the u.v . 
spectrum of pteridine was measured in various 
concentrations of ammonia (0 to 14%), the spectra 
changed successively from that of pteridine to that 
of 6,7-diamino-5,6,7,8-tetrahydropteridine (4 . 5a) 
and no direct evidence of formation of 4-amino-3,4-
dihydropteridine (~), of which the u . v . spectrum 
was expected to have A at about 320 nm . , was 
max. 
observed. 
As was expected, the addition of amines at the 
5,6- and 7,8-double bonds can be prevented by steric 
and electronic hindrance. Thus it was found that the 
spectrum of 6,7-dimethylpteridine in 14 % aqueous 
ammonia was almost identical with that of 6,7-di methyl-
pteridine in water, in which the methyl groups have 
been shown to prevent hydration (Albert, Batterha m, 
and McCormack, 1966) . 
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It was noted that pteridine in dilute aqueous 
ammonla (0.7%) [a mixture of pteridine and the ammonia 
adduct (ratio ca 2) in this concentration] decomposed 
appreciably quicker (4-5 fold)(t O. 5 ' ~ 30 hr at 20 0 ) 
than pterid ine in more concentrated aqueous ammonia 
(7%)(almost entirely ammonia adduct) and also pteridine 
in a borate buffer (pH 9.5) , 
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Section 5: Scope and Limitations 
(1) Pteridines from 2-Amino-3-aminomethylpyrazine 
and its Derivatives 
Many 4-unsubstituted pteridlnes have been prepared 
previously from 4,5-diaminopyrimidines which bore no 
substituent in the 6-position In the present work, some 
of these pteridines have been prepared conveniently from 
2-amino-3-aminomethyl pyrazine and its derivatives via 
3,4-dihydropteridines . Admittedly this new approach did 
not accomplish the preparation of the whole range of 
known pteridines unsubstituted in the 4-position 
(e.g. 2-chloropteridine and pteridin-2-thione could not 
be obtained). However it is now clear that this new 
approach has significant advantages for preparing the 
following types of pteridines. 
(a) Pteridines ln WhlCh the Pyrimidine Ring 
lS reduced. 
There are two possible ways of preparing pteridines, 
ln which the pyrimidine ring is reduced, from pyrimidine 
intermediates . The first lS the condensation of 
pre-reduced 4,5-diaminopyrimidines with dicarbonyl 
compounds . However, this method has not been developed 
because of difficulties ln making the appropriate 
pyrimidine intermediates The second lS the reduction 
of pteridines. This method involves ambiguity as to 
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the locations of the double bonds reduced and is limited 
to pteridines bearing an electron-releasing group such as 
amino, hydroxy, mercapto, or methylthio in the 2-position. 
Only these can be reduced to the corresponding 
3,4-dihydropterid ines (Albert and McCormack, 1966 and 
1968) . Reduction usually favours the pyrazine ring to 
give the corresponding 5,6,7,8-tetrahydropteridines: 
pteridine itself gave only 5,6,7,8-tetrahydropterid ine 
on reduction (Taylor and Sherman, 1959) . 
The new approach to pteridines from compounds based 
on 2-amino-3-aminomethylpyraz ine permits the unambiguous 
synthesis of 3,4-dihydropteridines, including even those 
which do not bear an electron-releasing group in the 
2-position (e.g . 3,4-dihydropteridine) o 
Moreover, the use of 2-amino-3-aminomethylpyrazine 
permits the synthesis of a new class of pteridine, 
namely the 1,2,3,4-tetrahydropteridines . 
At present, the method is limited mainly by the 
fact that only a small number of 3-aminopyrazine-2-
carboxamides carrying a further substituent is known . 
Even so, intermediates of this kind, bearing an alkyl 
or aryl group in the 6- and/or 7-position already exist 
for preparing pterldines similar to those described in 
this thesis Recent developments in pyrazine chemistry 
(Cragoe et al., 1967; Jones and Cragoe, 1968; Taylor and 
--
Lenard, 1968; Taylor and McKillop , 1970) are giving us 
-
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different kinds of pyrazine intermediates such as 
alkyl ami no- or halo-derivatives . If they can survive 
the reductive st ep (see Section 2 , 1), as seems likely, 
these pyrazi ne i nt e rmediates may be also serviceable 
for the prepara t io n of 4-unsubstituted pteridines . 
(b) Pteridi nes bearing a Strongly 
Electron-at tracting 2-Substituent 
Although so me pt e ri dines which bear a strongly 
electron-attracti ng group in the 4-position have be e n 
prepared from py r i midine intermediates (e og o Clark, 
1967), all atte mpt s to prepare their 2-isomers have 
failed (see Sect i on 1 . 2) 
The new app r oa ch t o pt e ridines from a pyrazine 
intermediate has br oken through this limitation . 
A typical exa mpl e, e thyl pteridine-2-carboxylate, was 
prepared fro m 3- ethoxalylaminopyrazine-2-carbonitrile 
by the modif i ca tion (of the general method) described 
ln Section 2 . 2c ; the intermediate 3,4-dihydropteridine 
was i s olat ed . This opens the way to fresh e xamples 
of t his t ype of compound, unobtainable by any other 
known synthesis 
In thi s modlfication, a 3-acylaminopyraz i ne-2-
carbo nit ri le intermediate was found preferab l e to a 
2-a mino- 3- aminomethylpyrazine or a 2-acylamino methyl-
3-a mi nopyr azine; in the latter types, the electron-
deficie ncy of the amino group attached to the pyrazine 
---
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ring di sc ourages cyclizatlon ? 
Pter i dine - 2-carboxamide has not been obtained because 
attempted pre paration of an appropriate intermediate, 
3-oxalyla mi do pyrazine-2-carbonltrile, was unsuccessful . 
Also it is unl ik e ly that pteridine-2-carboxamide and its 
3,4-d i hydro der ivative can be prepared from the corres-
ponding pte ri dine esters with ammonia because such 
pteridines ha ve s hown a tendency to form covalent ammonia 
adducts (see Sectio n 4) . Fortunately, no difficulty was 
found in hydrolys ing ethy 3,4-dihydropteridine-2-
carboxylate to 3,4-dihydropterldine-2-carboxylic acid . 
(c) Pter i din es Unsymmetrically Substituted 
in the Pyrazine Ring 
Although so me pteridines, unsymmetrically substituted 
ln the 6- and / or 7- positions, have been prepared from 
pyri midine in te rmediates, this approach has the 
disadvan t age that the condensatlon of a pyrimidine with 
a dicar bonyl compound often leads to a mixture of two 
iso me r s, tr oublesome to separate - On the other hand, 
3-a mi nopy r azine-2-carboxamides (or equlvalent compounds) 
whic h ar e unsymmetrically substituted in the 5- and/or 
6-posi tions can be prepared without any need for 
separa t i on of isomers (see references quoted in Section 
51a) . By using one of these pyrazlne intermediates, 
6- met hy l pt e ridine, which could not be obtained from a 
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pyrimidine intermediate, was prepared, in the present 
work, by the new general method , 
As stated above in (a), most of the 3-aminopyrazine-
2-carboxamides (or equivalent compounds) could be 
converted into appropriate pyrazine intermediates, e . g. 
derivatives of 2-amino-3-aminomethylpyrazine, to give 
pteridines substituted uneguivocally ln the 6- and/or 
7-positions, as desired c 
This approach to pteridines involves dehydrogenation 
of 3,4-dihydropte rldines. This poses no problem now 
that the rules for choice of dehydrating reagents have 
been worked out (see Section 2 . 4) -
(2) Pteridines from 2-Aminopyrazine-2-carbaldehyde 
and its Derivatives 
A comparison of the orthodox approach to 
4-unsubstituted pteridines from pyrimidines with the 
new approach from 3-aminopyrazine-2-carbaldehyde, has 
shown that the latter is less useful . None of the 
attempts to synthesize the pteridines by fus i on of 
3-aminopyrazine-2-carbaldehyde with various cyclization 
reagents was successful although this general method 
has proved useful in preparing some other fused-
pyrimidine systems . 
-
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Bischle r type syntheses (Bischler, 1891), which have 
been used for the preparation of some quinazolines 
(Armarego and Smith, 1961) and triazanaphthalenes 
(Armarego, 1962), have permitted, in the present work, 
the synthesis of some pteridines from 3-acylamino-
pyrazine-2-carba ldehydes with ammonia . However this 
approach had two disadvantages . The fi rs twas 
deactivation of the amino group by its electron-deficient 
state as well as by the intramolecular hydrogen bonding 
between the amino and the formyl group of 3-amino-
pyrazine-2-ca rbaldehyde: this limitation made it 
difficult to prepare appropriate acylaminopyrazine-
carbaldehydes ( see Section 303) < The second 
disadvantage is the tendency of pteridines to add 
ammonia across double bonds to form covalent adducts 
(see Section 4.2); this lowers yields . However the 
preparatio n of a pteridine bearing an electron-releasing 
group (e.g. pteridin-2-one) does not suffer from either 
of the above disadvantages . Thus the electron-releasing 
group discou rages the formation of a covalent ammonia 
adduct; and, an acyl group with an electron-releasing 
\ 
moiety in an acylaminopyrazine =carbaldehyde stabilized 
the amide part with resulting better yields of the 
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acylaminoa ldehydes and pteridines (see Section 3 , 3 
and 3 .5) . Intensive research is still necessary to 
prepare a wide range of the pyrazine intermediates 
(e . g . 3-cyanoaminopyrazine-2-carbaldehyde), suitable 
for such syntheses 
Some of the work described above has appeared 
recently (Albert and Ohta, 1969 and 1970; reprints 
attached) . The remainder is being prepared for 
publication, also ln the Journal of the Chemical 
Society . 
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Section 6: Experlmental 
(1) Introduct ion 
Yields refer to material sufficiently pure to 
give only one spot in chromatography on Whatman No . 1 
paper developed with solvent A (3% aqueous ammonium 
chloride) or B (butanol-5N-acetic acid, 7:3) and 
viewed in 254 nm . light . 
Ultraviol et spectra were measured on a Shimadzu 
model RS 27 recording spectrophotometer or a Unicam 
SP 800 spectro photometer; the wavelength and 
intensity of each maximum was then checked with an 
Optica manual instrument. Infrared spectra were 
taken with a Unicam SP 200 spectrophotometer as 
mulls in Nujol (unless otherwise stated) . N. m. r . 
spectra were determined on a Perkin-Elmer model 
R 10 instrument, operating at 33.3 0 and 60 MHz; 
tetra methy lsilane was the internal standard, 
except in 020 for which sodium trimethylsilyl-
propanesu lphonate was used . Microanalyses were 
carried out by Dr J . E Fildes and her staff . 
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(2) Experi me ntal in Sectl0n 2 
2-Amidino-2 -aminoacetamide (~) Dihydrochloride .--
To a suspensio n of palladium-carbon (10%; 4 g.) in 50% 
aqueous ethano l (400 ml.) , previously saturated with 
hydrogen, was added 2-amidino-2-phenylazoacetamide 
hydrochloride (89 g.). The suspension was shaken with 
hydrogen at 20 0 and atmospheric pressure until 2 molar 
proportions of hydrogen had been absorbed The catalyst 
was filtered off The filtrate, evaporated at 40 0 in 
vacuo until it formed two layers, was extracted with 
ether (3 x 50 ml., rejected) 10~-Hydrochloric acid 
was added to the aqueous layer, which was then concen-
trated to ca 100 ml . and mi xed wi th ethanol (200 ml.) 
and ether (300 ml.). Refrigeration yielded the 
amidinoamino-a mide dihydrochloride, decomp . ca 195 0 
(Smith and Yates, 1954: 209-210 0), found to be identical 
with an authentic sample (i.r spectra) [Found (for 
material dr ied at 20 0 ): C, 19.3; H, 5 3; N, 29.5. 
Calc for C3H8N40,2HCl C, 19 . 1; H,5 . 3; N,29 . 6%]. 
3-Aminopyrazine-2-carbonitri le (~) . -- To a mixture 
of 3-a min opyra zine - 2-carboxamide (9.7 g . , 0 . 08 mole) and 
di methylformamide, cooled in ice-water, was added 
phosphoryl chloride (15 ml., 0.16 mole) dropwise . The 
solution was heated at 50 0 for 30 min . and concentrated 
o at 20 /0.1 mm . To the res i due was added water (40 ml.). 
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The solution, after boiling for 1 min . and cooling, 
deposited 3-aminopyrazine-2-carbonitrile, m. p. 185-188 0 
(189 0 after recrystallization from water)(Ellingson et ~., 
1945: 191.9 0 , corr.), identical with an authentic sample 
(paper chromatography, mixed m. p o, and i or . spectra), 
v 3420s, 3350s, 3170s, 2230m (C:N str.), 1665s cm.- 1 . max. 
2-Amino-3-aminomethylpirazine (~).--A mixture of 
3-aminopyrazine-2-carbonitrile (1.0 g . ) and Raney nickel 
(ca 1 g., wet wt.) in ethanolic ammonla (100 ml . ) was 
shaken with hydrogen at 70 0 and 4 atmos. After 5 hr., 
the catalyst was filtered off . The filtrate was 
t d t d t 40 0 l'n evapora e 0 ryness a vacuo. The residue was 
dissolved in ethanol (60 ml.) . Ethanolic M-phosphoric 
acid (9 ml.), added to the solution, precipitated 
2-amino-3-aminomethylpyrazine phosphate (83%) which, 
after recrystallization from 75% aqueous ethanol, 
decomposed at about 169 0 without melting [Found (for 
material dried at 110 0 /0 01 mm.): C, 25 . 4; H, 4.9; 
N, 23.1. C5H8N4,H3P04,0 . 75H20 requires C, 25 . 5; 
H, 5.4; N, 23 8%]. The dipicrate decomposed at 210 0 
[Found (for material dried at 110 0 /0 . 01 mm . ): C, 35.1; 
H, 2.5; N, 23.9 . C5H8N4,2C6H3N307 requires C, 35 . 1; 
H,2.4; N,24 . 1%]. A solution of this phosphate (1 g.) 
ln water (10 ml . ), was adJusted to pH 105 with 
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O. 2!i-sodi um hydroxi de (5 ml.) , and evapora ted to dryness 
at 45° in vacuo. The residue, further dried ln a vacuum 
desi ccator, was extracted wi th hot ethanol (3 x 20 ml.). 
The extracts were evaporated to dryness at 40° in vacuo 
and the residue, sublimed at 80°10 . 03 mm., gave 2-amino-
3-aminomethylpyrazine (81%, based on phosphate), m.p. 84° 
(Found: C, 48.7; H, 6 . 5; N, 44.9 . C5HSN4 requires 
C,48.4; H,6 . 5; N, 45 . 1%), 'J 3320s, 3150s, and 
max. 
1655s cm- 1 , T[(CD3)2S0] 2.04 and ~.20 (total 2H, AB q, 
J 2.6 Hz, H-5 and H-6), 3 . 49br (2H, s, NH2 on ring, 
exchangeable H), 6.13 (2H, s, CH 2 ) and 7 . 64 (2H, s, NH2 
on side chain, exchangeable H). 
3,4-Dihydropteridine (2. 7a) .-A suspension of 
2-amino-3-aminomethylpyrazine (O . lS g .) in triethyl 
orthoformate (2 . 5 ml.) was heated under reflux (at 145°) 
for 1 hr. The cooled mixture deposited 3,4-dihydro-
pteridine (74%), decomp. ca lSl° (from ethanol) [Found 
(for material dried at 20°10.01 mm.): C, 54.2; H,4 . 6; 
N, 41.4. C6H6N4 requires C, 53 . 7; H, 4.5; N, 41.8%]. 
It remained unaltered when stored at 5°, T[(CD3)2S0] 
1.95 (2H, s, H-6 and H-7), 2.77br (lH, s, H-2), and 
5.30 (2H, s, CH 2 at C-4). 
-
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3,4-Dihydro-2-methylpteridine (2 . 7b) . --A suspension 
of 2-amino-3-aminomethylpyrazine (0 . 15 g . ) in triethyl 
orthoacetate (2 ml . ) was heated under reflux (at 145 0 ) 
for 30 min. The cooled mixture deposited 3,4-dihydro-
2-methylpteridine (70%), decomp. ~ 177 0 (from ethanol) 
[Found (for material dried at BO o/0 . 01 mm . ): C,56.2; 
H, 5.3; N, 3B . 0 . 
N,37.B%]. 
2-Amino-3-ethoxycarbonylaminomethylpyrazine (2.11a).--
To 2-amino-3-aminomethylpyrazine (0 . 25 g.), dissolved 
in triethylamine (0 . 3 ml . ) and chloroform (B ml.), was 
added ethyl chloroformate (0.2 ml . ) . The solution was 
stirred at 25 0 for 2 hr., and evaporated to dryness at 
40 0 in vacuo. The residue, dissolved in hot water 
(3 ml.), gave on coo 1 i ng 2-ami no-3-ethoxycarbonyl ami no-
methylpyrazine, m. p . 131 . 50 (from water) [Found (for 
material dried at 20 0 ): C,49.1; H,6 . 3; N,2B.7. 
CBH12N402 requires C, 49 . 0; H, 6 . 3; N, 2B.6%], 
v 3420m,sh, 3360s, 3250m, 1705s (C =O str.), and max. 
-1 1655m cm. 
3,4-Dihydropteridin-2-one (2 . 12) . --To ethanolic 
sodium ethoxide [from sodium (21 mg . ) and ethanol 
(2 ml.)] was added 2-amino-3-ethoxycarbonylamino-
methylpyrazine (79 mg . ). The mixture was heated under 
reflux for 1 hr., and evaporated to dryness at 40 0 
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in vacuo. The residue was dissolved in ~-sodium hydroxide 
(1 ml.) and filtered (charcoal). The filtrate, acidified 
to pH 6 with 2~-hydrochloric acid, deposited 3,4-dihydro-
pteridin-2-one (68%), which darkened at ca 251 0 (from 
water)(Albert and Matsuura, 1961: 250 0 ). It was found 
to be identical with an authentic sample (paper 
chromatography and i. r. spectra). 
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2-Amino-3-guanidinomethylpyrazine (2 . 11b) Hydrochloride.--
A mixture of 2-amino-3-aminomethylpyrazine (0.13 g.) and 
~-methylisothiouronium hydrochloride (0 . 15 g.) in ethanol 
(2 ml.) was heated under reflux for 1 . 5 hr. On cooling, 
2-amino-3-guanidinomethylpyrazine hydrochloride separated 
(69%), decomp . ca 219 0 [Found (for material dried at 
25 0 /0.01 mm.): C, 32.5; H, 6.2; N, 37.9. 
C6H11N6Cl,H20 requires C,32.7; H,5.9; N,38.1%]. 
The less useful (because almost insoluble) sulphate, 
decomp. 232 0 , was obtained (81% yield) when the diamine 
was heated under reflux with ~-methylisothiouronium 
sulphate in water for 1 . 5 hr., T[(CD3)2S0] 2.15 (2H, d, 
H-5 and H-6), 2 . 18br (5H, s, guanidino group, exchange-
able H), 3.46br (2H, s, NH2 on ring, exchangeable H), 
and 5.57 (2H, s, CH 2) . 
-
2-Amino-3,4-dihydropt eridine (2 07c) Toluene-£-
sulphonate .-- To ethanolic sodium ethoxide [from ethano l 
(1.5 ml.) and sodium (11 . 4 mg . )]was added 2-amino-3-
guanidinomethylpyrazine hydrochloride (0 010 g.) . Sodiu m 
chloride was filtered off . The filtrate was evaporated 
to a syrup, which was heated at 100 0 for 4 hr . To the 
resulting solid, suspended in ethanol (10 ml.), was added 
toluene-£-sulphonic acid monohydrate (0 01 g . ) . The 
mixture was filtered hot (charcoal), and the filtrate, 
concentrated to 1 ml . , gave 2-amino-3,4-dihydropteridine 
toluene-£-sulphonate (61%), which darkened at ca 190 0 
and melted at 210 0 (from ethanol) (Albert and McCormack, 
1966: darkened at 175 0 and melted at ca 215 0 ) . It was 
found to be identical with an authentic sample (paper 
chromatography and i . r . spectra) . The free base, 
liberated when the salt (0.07 g . ) was dissolved in 
N-sodium hydroxide (2 ml o), was used for the preparation 
of 2-aminopteridine (see below) without purification . 
2-Amino-3-ethoxalylaminomethylpyrazine (2.11c).--
A suspension of 2-amino-3-aminomethylpyrazine (0.066g . ) 
in ethyl triethoxyacetate (2 ml . ) was stirred at 110 0 
for 1 hr . , then cooled . Filtration yielded 2-amino-
3-ethoxalylaminomethylpyrazine (66%), m. p . 161 0 (from 
ethanol) [Found (for material dried at 20 0 /20 mm.) : 
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C, 48.3; H, 5 . 4; N, 25 . 3 . 
H, 5.4; N, 25 . 0%], v 3420m, 3360s, 3250m, 1730m, 
ma x r, 
1695s, 1650s, 1550m, and 1525m cm- 1 . 
2-Acetamido-3-acetamidomethylpyrazine o-- A mixture 
of 2-amino-3-aminomethylpyraz ine (0 11 g . ) and ethyl 
triethoxyacetate (0 05 ml . ) in acetic anhydride (0 05 ml ) 
was heated under reflux for 10 min o To the solution, 
concentrated to a small volume (ca 0.5 ml . ) ~ vacuo 
at 65 0 , was added ether (1 ml o) and light petroleum 
(b.p. 60-80 0 ; 0.5 ml ) 0 The mixture, on scratching 
the flask, yielded 2-acetamido-3-acetamidomethylpyrazine 
(42%), m.p. 161.5 0 (from ethanol) [Found (for material 
dried at 25 0 /0.01 mm.): C, 52 . 4; H, 59; N, 27 . 2 0 
V
max
. 3280s, 3080w, 1750w, 1690m,sh, 1670s, 1650m,sh, 
1555m, and 1520m cm . - 1 , L[(CD3)2S0] 152 and 1 . 60 
(total 2H, AB q, J 2 . 6 Hz, H-5 and H-6), 5 71 (2H, t, 
~ 2.9 Hz, CH 2), ca 6,4 (lH, m. NH of side chain, 
exchangeable H), 790 (3H, s, COCH 3 on ring amine), 
and 8.16 (3H, s, COCH 3 on slde chain NH 2). 
3-Ethoxalylaminopyrazine-2-carbonitrile (2 14a) . --
To a solution of 3-aminopyrazine-2-carbonitrile (1 . 5 g . ) 
ln pyridine (15 ml.), cooled at 10 , was added etho xalyl 
chloride (2.5 ml.) dropwise . The mixture was stirred 
--
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at 10 for 2 hr., then e t hanol (2.5 ml . ) was added . The 
mixture was stirred for 5 min., then evaporated to 
dryness at 40 0 in vacuo . The residue gave 
3-ethoxalylaminopyrazine-2-carbonitrile (84%), m. p. 160 0 
(from ethanol) [Found (for material dried at 60 0 /0.01 mm.): 
C, 48.8; H, 3 . 6; N, 25.3 .. C9H8N403 requires C, 49 . 1; 
H, 3 . 7; N, 25 . 5%], v 3320s, 1715s, 1545m, and 
max . 
- 1 ( - 1 ) 1525m cm. no peak between 2000 and 2500 cm . . 
Ethyl 3,4-Dihydropteridine-2-carboxylate (2.7d) . --
A suspension of 3-ethoxalylaminopyrazine-2-carbonitrile 
(0.22 g.) in ethanol (20 ml . ) was hydrogenated over 
Raney nickel (ca 0.6 g . , wet wt.) at 20 0 and 1 atmos. 
until 2 mo·l. of hydrogen had been absorbed . The catalyst 
was filtered off. The filtrate, concentrated to a small 
volume at 40 0 in vacuo, was put on a thin layer plate 
(silica gel, 20 x 20 cm . , thickness 2 mm.) and 
developed with ethyl acetate . A fraction (R F 0.18) 
which strongly absorbed u . v . light at 254 nm . was 
removed from the plate, and extracted with hot ethano l 
(3 x 20 ml.). The extract was evaporated to dryness 
at 40 0 in vacuo . The residue gave ethyl 3,4-dihydro-
pteridine-2-carboxylate (17 %) , decomp . ca 161 0 (from 
e t han 01 ) [F 0 u n d (f 0 r mat e ria 1 d r i e d a t 20 0 /0 .01 mm.) : 
C, 52 . 5; H, 4.9; N, 27.0 . C9Hl0N402 requires 
C, 52.4; H, 4 . 9; N, 27 2% ], v 3180 m, 3020 m, 
max. 
1725s (C=O str.), and 1615s cm.- 1 , l[(CD3)2S0] 1.81 
(2H, s, H-6 and H-7), 5.16 (2H, s, 4-CH 2), 5.70 (2H, q) 
and 8.70 (3H, t) (CH 2CH 3). 
3,4-Dihydropteridine-2-carboxylic acid (2.7e).--
A solution of ethyl 3,4-dihydropteridine-2-carboxylate 
(0.066 g.) in O.l~-hydrochloric acid (2 ml.) was 
stirred for 2 days. The precipitate of 3,4-dihydro-
pteridine-2-carboxylic acid (45%), crystallised from 
water, darkened at ca 153 0 [Found (for material dried 
at 20 0 /0.01 mm ): C, 45.9; H, 3.8; N, 30.8. 
v 3450s, 3120s, 1690m,sh, 1670s, 1645s, 1605m, max. 
-1 1575m, and 1560m cm. . 
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3-Trifluoroacetamidopyrazine-2-carbonitrile (2.14b).--
3-Aminopyrazine-2-carbonitrile (0.73 g.) in pyridine 
(7 ml.) cooled to 00 , was added trifluoroacetic 
anhydride (1.4 g.) dropwise . The mixture was stirred 
at 00 for 30 min. and evaporated in vacuo. The 
residue was suspended ln ether (10 ml.) and crystals 
were filtered off. The filtrate was evaporated to 
ca 2 ml . and cooled at -20 0 • The resulting crystals 
were filtered off, and filtrate was evaporated. 
Crystallization gave 3-trifluoroacetamidopyrazine-2-
carbonitrile (30%), m.p. 101.5 0 (from benzene) 
--
[Found (for material dried at 25 0 /0.01 mm.): C, 39.38; 
H, 1.2; N, 26.4. 
H, 1.4; N, 25.9%], v 3280s, 2250w, 1730s, 1585m, 
max. 
and 1525s cm. - 1 
Ethyl 1,2,3,4-Tetrahydropteridine-2-carboxylate 
(2.15a).--A suspension of 3-ethoxalylaminopyrazine-
2-carbonitrile (0.22 g.) in ethanol (20 ml.) was 
hydrogenated over Raney nickel (ca 0.6 g., wet wt.) 
at 70 0 and 4 atmos. for 5 hr. The pteridine was 
purified by the same procedure as ethyl 3,4-dihydro-
pteridine-2-carboxylate (above) [R F value, 0.20 
(silica gel, ethyl acetate)]. Crystallization from 
benzene-light petroleum gave ethyl 1,2,3,4-tetra-
hydropteridine-2-carboxylate (11%), m.p. 102 0 
o .' [Found (for material dried at 20 /0.01 mm.): C, 52.4; 
H, 5.7; N, 27.36. 
H, 5.8; N, 26.91%], v 3300m, 3210s, 1735s 
max. 
(C=O str.), 1585m~ and 1570m cm.- 1 , T (CDC1 3) 
2.09 (2H, s, H-6 and H-7), 4.18br (lH, s, H-1, 
exchangeable H), 5.01 (lH, s, H-2), 5.81 (2H, $, H-4), 
7.60br (lH, s, H-3, exchangeable H), 5.66 (2H, q) 
and 8.69 (3H, t) (CH 2CH 3). 
-
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1,2,3,4-Tetrahydropteridine (2.15b).-- 2-Amino-
3-aminomethy1pyrazine (0.09 g.), dissolved in 5N-sodium 
hydroxide (1 m1.) and aqueous formaldehyde (37%; 1 m1.), 
was heated under reflux for 15 min. and extracted with 
chloroform (5 x 2 m1 .)(extract dried over Na 2S0 4 ). 
The filtered solution was evaporated to dryness at 25 0 
in vacuo, and the residue, sublimed at 110 0/0.01 mm., 
gave 1,2,3,4-tetrahydropteridine (43%), decomp. 146 0 
(Found: C, 53.38; H, 5.9; N, 41.55. 
requires C, 52 . 92; H, 5.9; N, 41.15%), v 3290m, 
max. 
3200s, 3110m, and 1575s cm. -1, T (COC1 3) 2 . 09 (2H, s, 
H-6 and H-7), 4 . 27br (lH, s, H-1, exchangeable H), 
5.49 (2H, d, J 0.9 Hz, 2-CH 2), 5 . 80 (2H, s, 4-CH 2), 
and 7.78br (lH, s, H-3, exchangeable H). 
Pteridin-2-one.--To a well-stirred solution of 
3,4-dihydropteridin-2-one (0 . 03 g . ) in 2N-potassium 
==== 
hydroxide (1 m1.) was added, dropwise, 0.4M-potassium 
ferricyanide (1.1 equiv.) over 40 min. The solution 
was then stirred for 5 hr., and neutralized by 
5~-hydroch10ric acid. The precipitate deposited, on 
cooling, pteridin-2-one (78 %), decomp. ca 238 0 
(Albert, Brown, and Cheeseman, 1951: 240 0 ), identical 
with an authentic sample (i .r. spectra and paper 
chromatography) . 
--
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2-Aminopteridine . --To a well-stirred solution of 
2-amino-3,4-dihydropteridine (15 mg.) in aqueous 
pyri di ne (tri hydra te; 1 ml . ) was added (dropwi se) 
0.2N-aqueous potassium permanganate (1 . 1 equiv.) over 
20 min. Manganese dioxide was filtered off. The 
filtrate, adjusted to pH 7 by N-hydrochloric acid, 
== 
was evaporated in vacuo . The residue was suspended 
in water (0 . 5 ml . ) and the precipitate, separated by 
filtration, gave 2-aminopteridine (74%) . decomp. 
>273 0 (Albert, Brown, Cheeseman, 1951: >275 0 ), 
identical with an authentic sample (i . r . spectra and 
paper chromatography. 
Pteridine . --A suspension of 3,4-dihydropteridine 
(0.03 g.), manganese dioxide (0 . 3 g . , a large excess), 
and bari um oxi de (0 . 25 g . ) in tetrahydrofuran (5 ml . ) 
was stirred at room temperature for 2 days . The 
residue was filtered off . The filtrate was evaporated 
at 30 0 in vacuo, and the residue, sublimed at 
80 0 /0.1 mm . , gave pteridine (52 %), m. p. 136 0 [Albert, 
Brown, and Cheese man, 1951: 138 0 and 140 0 (two for ms) ] , 
identical with an authentic sa mple ( paper chro mato-
graphy and i. r . spectra) . 
-
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2-Methylpteridine .-- 3,4-Dihydro-2-methylpteridine 
similarly gave 2-methylpteridine (80%, after sublimation 
at 105 0/0.1 mm . ), m. p . 140 0 (Albert, Brown, and Wood, 
1954: 141 0), identical with an authentic sample. 
Ethyl Pteridine-2-carboxylate .--A suspension of 
ethyl 3,4-dihydropteridine-2-carboxylate (0.025 g.), 
manganese dioxide (0.25 g.), and anhydrous magnesium 
sulphate (0 .2 1 g . ) in tetrahydrofuran (2 ml.) was 
stirred at 50 for 2 days . The residue was filtered 
off. The filtrate was evaporated to dryness at 25 0 
in vacuo, and the residue, sublimed at 110 0/0.05 mm., 
gave ethyl pteridine-2-carboxylate, m. p. 128.5 0 
(Found: C,53 . 0; H,3.9; N,27.4 . C9H8N402 
requires C, 52.9; H, 4.0; N, 27.4%), v 1735s 
max. 
(C=O str . ), 1570m, and 1555m -1 cm. 
2-Amino-3-aminomethyl-5-methylpyrazine (2.26) . --
A suspension of 3-amino-6-methylpyrazine-2-carbonitrile 
(0.1 g . ) in ethanol (20 ml.) was shaken with hydrogen 
over Raney nickel (ca 0 . 2 g . , wet wt . ) at room 
temperature and 4 atmos. for 12 hr . The catalyst 
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was filtered off . Ethanolic M-phosphoric acid (1.5 ml . ), 
added to the filtrate, precipitated 2-amino-3-
aminomethyl-5- methylpyrazine phosphate (73%), 
decomp. ca 1880 (from aqueous ethanol) [Found 
-
(for material dried at 110%.01 mm.): C, 30.4; H, 5 . 8; 
N, 23.8. 
N,23.7%]. The free base was prepared as for 2-amino-
3-aminomethylpyrazine (above). Sublimation of the 
residue gave 2-amino-3-aminomethyl-5-methylpyrazine 
(84%), m. p. 81.5° (Found: C,52.0; H,7.2; N,40.7. 
C6H10N4 requires C, 52.2; H, 7.3; N, 40.6%), 
T[(CD3)2S0] 2.25 (lH, s, H-6), 3.86br (2H, s, NH2 on 
ring, exchangeable H), 6.23 (2H, s, CH 2), 6.90 (2H, s, 
NH2 on side chain, exchangeable H), and 7.75 (3H, s, 
C H 3) . 
3,4-Dihydro-6-methylpteridine (2.27).--A suspenslon 
of 2-amino-3-aminomethyl-5-methylpyrazine (0.09 g.) in 
tri ethyl orthoformate (1.2 ml.) was heated under refl ux 
(at 145°) for 2 hr., then cooled. Filtration yielded 
3,4-dihydro-6-methylpteridine (69 %), decomp. 181° 
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(from ethanol) [Found (for material dried at 80%.01 mm.) : 
C, 56 . 8; H, 5 . 7; N, 37.7 . C7H8N4 requires C, 56.7; 
H,5 . 4; N,37.8%], T[(CD3)2S0] 2.01 (lH, s, H-7), 
2.77 (lH, s, H-2), 5 . 34 (2H, s, 4-CH 2), and 
7.67 (3H, s, CH 3). 
-
6-Methylpteridine (2 . 28) .-A suspension of 
3 , 4-dihydro-6-methylpteridine (0.03 g.), manganese dioxide 
(0.3 g.), and anhydrous magnesium sulphate (0.2 g.) in 
tetrahydrofuran (3 ml.) was s ti rred at 50 for 2 days. The 
res i due was fi 1 tered off. The fi 1 tra te was evapora ted at 
25 0 in vacuo, and the residue, sublimed at 70 0/0.05 mm., 
gave 6-methylpteridine (74%), m.p. 130 0 (Found: C, 57.8; 
H, 4.4; N, 38.70. 
N, 38.34%). 
8 - Ami no i mid a z 0 [ 1 , 5 - a] py r a z i n e - 3 - t hi 0 1 (2. 30 a) .-
a) To a suspension of 2-amino-3-aminomethylpyrazine 
(0.16 g.) in pyridine (2 . 5 ml.) was added carbon 
disulphide (0 . 25 ml . ), and the mixture heated under reflux 
for 30 min. A solution of 8-aminoimidazo[I,5-a]pyrazine-
3-thiol (deposited on cooling) in N-sodium hydroxide 
(1 ml.) was clarified by filtration . Adjustment of the 
. 
pH to 7 with ~-hydrochloric acid precipitated the pure 
compound, decomp . >2 20 0 [Found (for material dried at 
110 0/0 . 0 1 mm.): C, 43. 5 ; H, 3. 8 ; N, 33 . 6 ; S, 19. 0 . 
C6H6N4S requires C, 43.4; H, 3.6; N, 33.7; S, 19.3 %] , 
v 3420m, 3300s, 3200s, ca 2500m,br, ca 1900w,br, 
max. --
- 1 ) 1630s, 1575s, and 1525s cm. , T (2~-NaOO in 020 
2.42 (IH, d, :L 0.9 Hz, H-l), 2.52 (IH, q, :L1,5 0.9 and 
:L5 , 6 6 . 0 Hz, H - 5 *), and 3. 1 5 (1 H, d, J 6. 0 Hz, H - 6 * ) 
(the assignments marked * may be reversed). 
-
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b) To a solution of 2-amino-3-aminomethylpyrazine 
(0 . 10 g.) in chloroform (2 ml .) and triethylamine 
89 
(0.25 ml . ), cooled at 00 , was added thiophosgene (0.10 g . , 
1.1 equiv . ) in chloroform (1 ml . ) dropwise over 5 min. 
The resulting precipitate, separated by filtration, was 
dissolved in ~-sodium hydroxide (0.8 ml . ) and clarified. 
Adjustment of the pH to 7 by N-hydrochloric acid 
= 
precipitated 8-aminomidazo[1,5-a]pyrazine-3-thiol 
(75%), decomp . >220 0 • It was found identical with 
the above compound (i . r. spectra and paper chromato-
graphy) . 
8-Aminoimidazo[1,5-aJpyrazine (2.30b) .--To a 
suspension of 8-aminoimidazo[1,5-~Jpyrazine-3-thiol 
(0.12 g . ) in 5~-aqueous ammonia (1 . 5 ml . ) was added 
Raney nickel (ca 0 . 1 g . , wet wt.) and the whole heated 
under reflux for 2 hr. and filtered o The filtrate 
was evaporated to dryness at 40 0 in vacuo. The 
residue crystallized gave 8-aminoimidazo[1,5-a]pyrazine 
(53%), m. p. 159 0 [from water (1 ml . )] [Found (for 
material dried at 80 0 /0 . 01 mm . ): C, 53.14; H, 4.7; 
N, 42 . 0. C6H6N4 requires C, 53 .72 ; H, 4.5; 
N, 41 . 8%], \J 3550m, 3330s, 3120s, 1655s, 1625s, max. 
and 1535s cm . - 1 . 
-
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(3) Experimental in Section 3 
2-Amino-3-hydroxymethylpyrazine (~) . -The method of 
Albert and Matsuura (1961) was slightly modified. To a 
suspenslon of methyl 3-aminopyrazine-2-carboxylate (9.0 g.) 
in tetrahydrofuran (600 ml . ) was added lithium aluminium 
hydride (2 . 4 g.) in tetrahydrofuran (70 ml.) dropwise 
with stirring . The mixture was stirred at room 
temperature for 3 hr., then heated under reflux for 
20 min . To the cooled solution was cautiously added 
water (20 ml . ) and the residue was filtered off. The 
filtrate was evaporated to dryness in vacuo, and the 
residue, sublimed at 110% . 01 mm " gave 2-amino-3-
hydroxymethylpyrazine (61%), m. p . 110-114°. 
Crystallization from ethyl acetate raised the m. p. 
to 119° (lit . , 118-119 . 5°)(81% recovery) . 
3-Aminopyrazine-2-carbaldehyde (~).--A suspenslon 
of 2-amino-3-hydroxymethylpyrazine (4.5 g.) and manganese 
dioxide (27 g . ) in chloroform (140 ml o) was stirred at 
room temperature for 30 min. The residue was filtered 
off. The filtrate was evaporated to dryness, and the 
residue, sublimed at 100% . 01 mm . , gave 3-aminopyrazine-
2-carbaldehyde (84%), m.p . 117° (Albert, Brown and Wood, 
1956: 119-120°), identical with an authentic sample 
(i.r. spectra and mixed m.p.). 
-
~-(3-Aminopyrazin-2-Qll)£lperidine (3~).--
A suspension of methyl 3-aminopyrazine-2-carboxylate 
(1.53 g.) in piperidine (18 ml . ) was heated under reflux 
for 17 hr., then evaporated to dryness in vacuo. The 
residue gave ~-(3-aminopyrazin-2-Qll)piperidine (45%), 
m.p. 153-155 0 (from water) [Found (for material dried 
at 20°/20 mm.): C, 58.4; H, 7.1; N, 27.4. C10H14N40 
requires C, 58.2; H, 6.8; N, 27.2%], v 3340m, 
max. 
3150m, 1645m,sh, 1625s, 1575m, 1540m cm- 1 , l (COC1 3 ) 
1.88 and 2.04 (total 2H, AS q, J 2.6 Hz, pyrazine ring), 
ca 4.3br (2H, s, NH 2), ~ 6 . 4 and 8.32 (piperidine ring). 
3-Aminopyrazine-2-S-methylthioamide (3.8).--To 
ethanol (15 ml.) containing methanthiol (2.5 g.) and 
N-sodium hydroxide (1 drop) was added 3-aminopyrazine-
2-carbonitrile (0 . 45 g.). The mixture was stirred at 
45° for 30 min. and, on cooling, yielded 3-aminopyrazine-
2-S-methylthioamide (79%), m. p . 123° [Found (for material 
dried at 20°/20 mm.): C, 43.0; H, 4.8; N, 33.9. 
C6H8N4S requires C, 42.9; H, 4 . 8; N, 33.9%], 
vmax . 3280s, 3110s, 1610s, 1580s, 1560s, and 1530m 
- 1 ) cm. ,l (COC1 3 0.13br (lH, s, =NH), 1.86 and 2.04 
(total 2H, AS q, J 2 . 6 Hz, pyrazine ring), ca 2.7br 
(2H, s, NH 2), and 7.71 (3H, s, SCH 3). 
-
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-2-Amino-3-(methylthio)carbonylRyrazine (~).-­
A suspension of 3-aminopyrazine-2-~-methylthioamide 
(0 .45 g.) in N-hydrochloric acid (10 ml . ) was heated under 
reflux for 10 min . , and the pH was adjusted to 5. The 
cooled solution yielded 2-amino-3-(methylthio)carbonyl-
Ryrazine (92%), m. p . 151-153 0 (from ethanol) [Found (for 
material dried at 20 0 /20 mm . ): C,42 . 8; H, 4.1; N, 24.9 . 
C6H7N30S requires C, 42 . 6; H, 4 . 2; N, 24 . 9%], v max. 
3450m, 3280s, 3160s, 1695w, 1630m, 1615s, 1560m, 1535m, 
940s, and 850s cm . - 1 , T[(CD3)2S0] 1.58 and 2.01 (total 
2H, AB q, ~ 1.7 Hz, pyrazine ring), 2 . 44br (2H, s, NH 2), 
and 7 .68 (3H, s, SCH 3). 
3-AcetamidoRyrazine-2-carbaldehyde (3.10b).-- A 
solution of 3-aminopyrazine-2-carbaldehyde (0.40 g.) in 
boron trifluoride-methanol complex (3 . 5 ml.) was stirred 
at room temperature for 2 hr . The mixture was poured 
into water containing sodium carbonate (0 . 9 g . ) and 
extracted with chloroform (3 x 6 ml )(extract was dried 
over Na 2S0 4) . The filtered solution, evaporated to a 
syrup, gave crude 2-amino-3-dimethoxymethylpyrazine, 
which was dissolved in chloroform (5 ml.) containing 
pyridine (0 . 6 ml . ), then cooled in ice water. To the 
mixture, acetyl chloride (0 5 ml.) was added dropwise. 
The mixture was stlrred at 00 for 30 min. and evaporated 
to a syrup, to Whl ch was added water (3 ml.). 
-
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To hydrolyse the acetal group, the mixture was heated under 
reflux for 20 min., then cooled and extracted with chloroform 
(3 x 6 ml .)(extract dried over Na 2S0 4 ). The filtered 
solution was evaporated and the residue, sublimed at 
110%.01 mm., gave 3-acetamidopyrazine-2-carbaldehyde 
(32%), m.p. 70° [benzene-light petroleum (60-80°)] 
[Found (for material dried at 20%.01 mm.): C,51."0; 
H, 4.6; N, 25.3 . C7H7N302 requires C, 50.9; H, 4.3; 
N, 25.5%], v (undiluted) 3450w, 3310m, 3060w, 3000w, 
max. 
-1 1940w, 2840w, 1710s, 1685s, 1585s, 1545m, and 1500s cm. 
T (CDC1 3) ca -0.76br (lH, s, NH, exchangeable H), 
, 
-0.18 (lH, s, CHO), 1.38 and 1.47 (total 2H, AB q, J 1.7 Hz, 
pyrazine ring), and 7.54 (3H, s, COCH 3 ). 
In another experiment, an intermediate was isolated 
after stirring with acetyl chloride. The mixture was 
washed with water and the chloroform layer was evaporated 
in vacuo to a syrup, which was subjected to t.l.c. 
(silica gel, ethyl acetate). The band (R F 0.7), which 
showed a dark colour under 254 nm. light, was collected 
and eluted with methanol. Removal of solvent in vacuo, 
followed by distillation, gave 2-acetamido-3-dimethoxy-
methylpyrazine (3.11b) (b.p. 132%.1 mm.)(Found: 
C, 50.34; H, 6.5; N, 19.6. 
-
C, 50.34; H, 6 . 2; N, 19 . 9%), v a (undiluted) 3360m, m x . 
2950m, 2840w, 1695s, 1585m, 1555m, 1505s cm.- 1 , T (COC1 3 ) 
o 91br (lH, s, NH, exchangeable H), 1 . 56 and 1.69 (total 
2H, AS q, J 2 . 6 Hz, pyrazine ring), 4 . 63 (lH, s, acetal), 
6.47 (6H, s, dimethoxy group), and 7 . 58 (3H, s, COCH 3). 
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3-Ethoxycarbonylaminopyrazine-2-carbaldehyde (3.10c).--
The crude 2-amino-3-dimethoxymethylpyrazine (from 0.60 g. 
of the aldehyde) was dissolved in chloroform (5 ml.) 
containing pyridine (1 ml.), then cooled in ice-water. 
Ethyl chloroformate (1.0 ml . ) was added dropwise, and 
the mixture was stirred at room temperature for 12 hr., 
then ethanol was added to destroy the excess of ethyl 
chloroformate . The mixture was evaporated to a syrup, 
which was dissolved in water (5 ml.) and heated under 
reflux for 30 mln . , followed by extraction with 
chloroform (3 x 5 ml . )(extract dried over Na 2S04)' 
The filtered solution was concentrated to a small 
volume and subjected to t . l . c . (silica gel, ethyl 
acetate) . A band (R F 0 . 8), wh i ch strongly absorbed 
u.v . light at 254 nm . , was collected and eluted with 
ethanol. Removal of the solvent, followed by subli mation 
at 110 0 /0 . 01 mm . , gave 3-ethoxycarbonylaminopyrazine-2-
carbaldehyde (53 %), m.p . 73 0 [fro m benzene-light 
petroleum (60-80 0 )] [Found (for material dried at 
--
r 
I 
-
95 
20% 01 mm.): C, 49.0; H,4 . 4; N, 21 . 6 . 
requires C,49 . 2; H,4.7; N, 21 . 5%] , v (undiluted) max. 
3450w, 3300m, 2980w, 2850w, 1750s, 1680s, 1590s, and 
1510s cm . - 1 , (CDC1 3 ) -0.30br (lH, s, NH, exchangeable H), 
-0.15 (lH, s, CHO), 1.28 and 1 . 47 (total 2H, AB q, J 2.6 
Hz, pyrazine ring), 5.64 (2H, q) and 8 064 (3H, t) 
(~ 7.4 Hz, CH 2CH 3 ) . 
Attempted isolation of the intermediate 2-dimethoxy-
methyl-3-ethoxycarbonylaminopyrazine , was unsuccessful, 
because it decomposed during attempts to separate it by 
thin layer chromatography . 
2-Dimethoxymethyl-3-formamidopjrazine (3.11d).-
The crude 2-amino-3-dimethoxymethylpyrazine (from 
0 . 40 g . of the aldehyde) was dissolved in acetic 
formic anhydride (Muramatsu et al . , 1965: 4 ml.). 
The ml xtu r e was stirred at 00 for 12 hr . , and 
evaporated with methanol . The res l due , sublimed at 
100% 01 mm . , gave 2-dimethoxymethyl- 3- formamido-
£Y~ z 1 n e (5 3 %), m. p . 7 0 ° [ fro m ben ze n e - 1 i g h t pet r ole u m 
(60-80°)] [Found (for material dr ied at 20 0 /0.01 mm.): 
C , 48 . 24; H , 5 . 7 ; N , 21 03 " C8H 11N 303 requires 
C , 48 72; H , 5 . 6 ; N , 21 . 3%] , 
'Y ma x 3335m, 1705s 
(C=O s tr ) , and 1585m -1 (CDC1 3) 0 25* ( 1 H , d , cm . , T 
J 10 3 Hz, CH 0) , 1 . 48 an d 1 . 54 ( to tal 2 H , AB q , 
-
r 
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J 2.6 Hz, pyrazine ring), 4.47 (lH, s, acetal), and 
6.36 (6H, s, dimethoxy group). The signal marked * 
collapsed to singlet after deuterium exchange. 
3-Formamidopyrazine-2-carbaldehyde (3.10a).--
A suspension of 2-dimethoxymethyl-3-formamidopyrazine 
(0.15 g.), toluene-£-sulphonic acid monohydrate (0.16 g.), 
and sodium sulphate (0.15 g.) in acetone (5 ml.) 
was stirred at room temperature for 2 hr. The residue 
was filtered off. The filtrate was evaporated in vacuo 
below 20 0 . To the residue was added M-sodium 
bi carbonate (1 ml.) and the mi xture was extracted wi th 
chloroform (3 xl ml .)(extract dried over Na 2S0 4). 
The filtered solution was evaporated to small volume 
and subjected to t.l.c. (silica gel, dichloromethane, 
re-run four times). The band (R F 0.7-0.85) which 
showed a dark colour under 254 nm. light was collected 
and eluted with ethanol. Removal of the solvent at 
30 0 in vacuo, followed by sublimation of the residue 
at 100 0 /0.01 mm . , gave 3-formamidopyrazine-2-
carbaldehyde (12 %), m.p. 125-127 0 (Albert and Yama moto, 
1968b: 126-1280 ), identical with an authentic sample 
(i.r . spectra and mixed m.p.). 
-
r 
2-Dimethoxymethyl-3-ethoxalylaminopy razi ne (3 . 11e).--
The crude 2-amino-3-dimethoxymethylpyrazine (from 2.0 g. 
of the aldehyde) was dissolved in chloroform (8 ml . ) 
and pyridine (6 ml.), then cooled to -45 0 • Ethoxalyl 
chlorlde (3.2 g.) was added dropwise, and the mixture 
was stirred at this temperature for 30 min., then washed 
wi th 4N-sodi um cdrbonate (2 x 5 ml .) and water (2 ml.) . 
= 
The washings were extracted with chloroform (3 x 5 ml.) 
and a mlxture of the chloroform layer and the extracts 
(dried over Na 2S0 4) was evaporated; dlstillation at 
148- 158 0 / 0 . 0 1 m m. , g a v e 2 - dim e ~ h 0 xy me ~Q1l- 3 - e tho x a 1 y 1 -
aminopyrazine (51%), m.p . 56 0 [from benzene-light 
petroleum (60-80 0 )] [Found (for materlal dried at 
20 0 /0 . 01 mm.): C,49 . 1; H, 5.9; N, 15 . 7. 
CI1H15N305 requires C, 49.1; H, 5 . 6; N, 15.6%], 
v (undiluted) 3260m, 2990m, 2940m, 2840w, 1725s, max . 
1590s, 1520s cm -1, L (CDC1 3) 1.42 and 1 . 58 (total 
2H, AB q, ~ 2.6 Hz, pyrazine ring), 4 . 59 (lH, s, 
acetal), 647 (6H, s, dimethoxy group), 5 .5 6 (2H, q) 
and 8 . 61 (3H, t)(~ 7.7 Hz, CH 2CH 3) , 
3-Ethoxalylaminopyrazine-2-carbal~h.~de (3 . 10d) . -
A suspension of 2-dimethoxymethyl-3-e thoxalylamin o-
pyrazlne (0.81 g.), toluene-~-sulphoni c dcid monohydrate 
(0.60 g.), and sodium sulphate (1 g .) in acetone (10 ml.) 
was heated under reflux for 40 min. The resi due was 
-
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filtered off . The filtrate was evaporated to dryness 
below 30 0 in vacuo, and the residue was suspended in 
M-sodium bicarbonate (3 , 5 ml ) and extracted with 
chloroform (3 x 5 ml )(extract dried over Na 2S0 4 ) . 
The filtered solution was evaporated to dryness in vacuo . 
o The residue, sublimed at 120 /0 . 01 mm . , gave 
3-ethoxal~laminopyrazine-2-carbaldehlde (24%), m. p . 124 0 
(from benzene) [Found (for material dried at 25 0 /0 . 01 mm . ): 
C, 48 . 6; H, 4 3; N, 19 00 . 
H, 4 . 1; N, 18 8%], v 3250m, 1745s, 1685s, 1590s, 
max " 
and 1520s cm , -l, 1 (COC1 3) -0 , 42 (lH, s, CHO), 1 015 
and 1 . 28 (total 2H, AB q, ~ 2 , 0 Hz, pyrazine ring), 
542 (2H, q), and 8 . 50 (3H, t) ( ~ 7 , 7 Hz, CH 2CH 3) . 
2-0imethoxymeth~1-3-trif l u~roacetamidopyrazine 
(3 . 11f) . --The crude 2-amino-3-dimethoxymethylpyrazine 
(from 0 . 60 g of the aldehyde) was dissolved in 
chloroform (5 ml ) and pyridine (1 ml . ) then cooled 
Trlfluoroacetic anhydride (1 5 g . ) was added 
dropwise, and the mlxture was stlrred at 00 for 1 hr. , 
and washed wlth 4N-sodium ca r bonate ( 3 ml , ) then 
water (2 ml ) The washlngs were e xtracted with 
chloroform (2 x 3 ml ) The co mbined solution of the 
chloroform layer and the e xtract (dr i ed over Na 2S0 4 ) 
was evaporated The resldue, sublimed at 140 0 / 0 . 01 mm , 
-
gave 2-dimethoxymethyl-3-trifluoroacetamidopyrazine 
(54%), m.p. 49° [from benzene-light petroleum (60-80°)] 
[Found (for material dried at 20%.01 mm.): C,40.5; 
H, 3.9; N, 16 . 0. C9Hl0N303F3 requires C, 40.8; 
H,3.8; N, 15.8%J, v 33305,17455,16105, and 
max. 
1530s cm . - 1 , T (CDC1 3) 1.32 and 1.46 (total 2H, AB q, 
J 2 . 6 Hz, pyrazine ring), 4 . 50 (IH, s, acetal), and 
6.38 (6H, s, dimethoxy group). 
2-Acetamido-3-acetoxymethylpyrazine.--A solution of 
2-amino-3-hydroxymethylpyrazine (0.21 g . ) in acetic 
anhydride (3 ml . ) was heated under reflux for 15 min., 
then evaporated in vacuo to a syrup, which was dissolved 
in ethanol and evaporated again. This operation was 
repeated until the smell of acetic acid had vanished. 
The residue gave 2-acetamido-3-acetoxymethylpyrazine 
(54 %), m. p. 102° (fro m ethanol) [Found (for material 
dried at 60%.01 mm . ): C, 51.4; H, 5.5; N, 20.1. 
C9HI1N303 requires C, 51 . 7; H, 5.3; N, 20 . 1%] 
-1 
vmax . 3160m, 3100w, 1730s, 1695s, and 1530 m cm . , 
T (CDC1 3) ca 1.2br (lH, s, NH, exchangeable H), 
1.51 and 1.58 (total 2H, AB q, ~ 2.6 Hz, pyrazine 
ring), 4 . 74 (2H, s, CH 2), 7 . 71 (3H, s, -NCOCH 3), 
and 7.87 (3H, s, -OCOCH 3) . 
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2-Acetoxymethyl-3-aminopyrazine (3 013) . --A solution 
of 2-amino-3-hydroxymethylpyrazine (0 <125 g ) in acetic 
anhydride (1 ml o) and pyrid ' ne (1 ml . ) was stirred at 
room temperature for 18 hr , then evaporated in vacuo 
to a syrup, which was dissolved in ethanol and evaporated 
again . ThlS operation was repeated until the smell of 
acetic acid had vanished . The residue, sublimed at 
110% 001 mm . , gave 2-acetoxymethyl-3-aminopyrazine 
(75%), m, p . 79 . 5° [from benzene-light petroleum 
(60-80°)] [Found (for material dried at 20%.01 mm . ): 
C , 50 . 8; H , 5 . 5 ; N , 25 05 0 C7H9N302 requires 
C , 50 .3; H , 5 0 4 ; N , 25 . 1%], \! max . 3420s, 3320s, 
3160s, 3040s, 1715s, 1645s, and 1585m CPL -1 (CDC1 3 ) ) T 
1.91 and 2 02 (total 2H, AB q, ~ 2 . 6 Hz, pyrazine 
ring), 4 . 76 (2H, s, CH 2), ca 4 8br (2H, s, NH 2 , 
exchangeable H), and 7 <89 (3H, s, COCH 3) . 
Hydrolysis of 2-Acetamido-3-acetoxymethylpyrazine . --
A solution of 2-acetamido-3-acetoxymethylpyrazine 
(0 . 20 g) in dilute acetlc acid (pH 3; 2 ml . ) was 
heated under reflux for 6 hr . , then evaporated in vacuo 
to a syrup, which was subjected to t . l c . (silica gel, 
ethyl acetate) . A main band (R F ° 5), which had blue 
fluorescence under 254 nm light, was collected, and 
eluted with ethanol Removal of the solvent gave 
100 
2-acetoxymethyl-3-aminopyrazine (22%), m.p. 79 0 
[from benzene-light petroleum (60-80 0 )], identical 
with the above compound (i ?r. spectra and mixed m.p.). 
2-Methylpteridine .--A solution of 3-acetamido-
pyrazine-2-carbaldehyde (0 . 10 g.) in ethanolic ammonia 
(2 ml.) was stirred at 00 for 30 min . and evaporated 
in vacuo . The residue, sublimed at 100 0 /0 . 01 mm., 
gave 2-methylpteridine (34%), m. p. 137-139 0 (Albert, 
Brown, and Wood, 1954: 141 0 ), identical with an 
authentic sample (thin layer chromatography, i .r. 
spectra, and mixed mop.). 
Pteridin-2-one .--A solution of 3-ethoxycarbonyl-
aminopyrazine-2-carbaldehyde (0.15 g.) in ethanolic 
ammonia (2 ml . ) was stirred at room temperature for 
45 min . The precipitate, separated by filtration, 
gave pteridin-2-one (55%), decomp. 241 0 (Albert, 
101 
Brown, and Cheeseman, 1951: 240 0 ), identical with an 
authentic sample (paper chromatography and i .r. spectra). 
(4) Experimental ln Section 4 
2-Ethoxalylaminopyrazine . --To a mixture of 
2-aminopyrazine (0 . 285 g o) in pyridine (5 ml:), cooled 
to 0°, was added ethoxalyl chloride (0 . 45 g.) dropwise . 
The mixture was stirred for 15 min e at this temperature, 
then evaporated o The residue gave 2-ethoxalylamino-
pyrazine (60%), m.p o 132° (from ethanol) [Found (for 
material dried at 20% . 01 mm . ): C,49 . 1; H, 4.8; 
N, 21.8 . C8H9N303 requires C, 49 . 2; H, 4.7; 
N, 21.5%], v 3160m, 3130m, 1743s, 1705s, 1600m, max. 
-1 and 1565m cm . . 
5,6,7,8-Tetrahydro-6,7-bis - methylaminopteridine .--
Pteridine (0 . 10 g . ) in ethanolic methylamine (33%; 
1 ml . ) was stirred at room temperature for 10 min. 
The mixture precipitated pure 5,6,7,8-tetrahydro-
6,7-bis-methylaminopteridine (92%) [Found (for 
material dried at 20°/20 mm . ): C, 49 . 09; H, 7 . 1; 
N, 43.1 CSH14N6 requires C, 49 , 46; H, 7 . 3; 
N, 43 3%], v 3200m, 3110s, 3080m,sh, 3000m, max . 
- 1 1590s, 1535s, and 1515m cm . 
102 
r 
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Appendix I: Index of Preparations 
(new compounds are underlined) 
Pyrazines 
3-Aminopyrazine-2-carbonitrile 74 
3-Ethoxalylaminopyrazine-2-carbonitrile 80 
3-Trifluoroacetamidopyrazine-2-carbonitrile 82 
3-Aminopyrazine-2-S-methylthioamide 91 
2-Amino-3-(methylthio)carbonylpyrazine 92 
N-(3-Aminopyrazin-2-Qll)piperidine 91 
2-Amino-3-aminomethylpyrazine 75 
2-Amino-3-aminomethyl-5-methylpyrazine 86 
2-Amino-3-ethoxalylaminomethylpyrazine 79 
2-Amino-3-ethoxycarbonylaminomethylpyrazine 77 
2-Amino-3-guanidinomethylpyrazine 78 
2-Acetamido-3-acetamidomethylpyrazine 80 
2-Amino-3-hydroxymethylpyrazine 90 
2-Acetoxymethyl-3-aminopyrazine 100 
2-Acetamido-3-acetoxymethylpyrazine 99 
2-Acetamido-3-dimethoxymethylpyrazine 93 
2-Dimethoxymethyl-3-ethoxalylaminopyrazine 97 
2-Dimethoxymethyl-3-formamidopyrazine 95 
2-Dimethoxymethyl-3-t rifluoroacetamidopyrazine 98 
3-Aminopyrazine-2 - carbaldehyde 90 
3-Acetamidopyrazine-2 -carbaldehyde 92 
3-Ethoxalylaminopyrazine-2 -carbaldehyde 97 
3-Ethoxycarbonylaminopyrazine-2-carbaldehyde 94 
3-Formamidopyrazine-2-carbaldehyde 96 
2-Ethoxalylaminopyrazine 102 
Pteridines 
Pteridine 85 
Pteridin-2-one 
2-Aminopteridine 
2-Methylpteridine 
6-Methylpteridine 
Ethyl Pteridine-2 -c ar boxylate 
84, 101 
85 
86, 101 
88 
86 
110 
r 
3,4-Dihydropteridine 76 
3,4-Dihydropteridin-2-one 77 
2-Amino-3,4-dihydropteridine 79 
3,4-Dihydro-2-methylpteridine 77 
3,4-Dihydro-6-methylpteridine 87 
Ethyl 3,4-Dihydropteridine-2-carboxylate 81 
3,4-Dihydropteridine-2-carboxylic acid 82 
1,2,3,4-Tetrahydropteridine 84 
Ethyl 1,2,3,4-Tetrahydropteridine-2-carboxylate 83 
5,6,7,8-Tetrahydro-6,7-bis-methylaminopteridine 102 
Others 
2-Amidino-2-aminoacetamide 
8-Aminoimidazo[1,5-a]pyrazine 
8-~minoimidazo[1,5-a]pyrazine-3-thiol 
74 
89 
88 
111 
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Synthesis of Pteridines, unsubstituted in the 4-Position, from Pyrazines 
via 3,4-Dihydropteridines 
By ADRIEN ALBERT- and KYU]I OHTA 
(Department of Medical Chemistry, John Curtin School of Medical Research, Australian National University, Canberra) 
Summa1'Y Pteridines unsubstituted in the 4-position have 
been prepared from pyrazine intermediates by a new, 
general method that permits synthesis of several pteri-
dines which could not be made from pyrimidine inter-
mediates. 
HITHERTO all reactions for converting pyrazines into pteri-
dines have inserted a substjtuent in the 4-position. This 
limitation is avoided in a new synthesis, which uses 2-
aminopyrazine-3-carboxamide (Ia), readily preparedl from 
aminomalonamidamidine2 and glyoxal. This amide (Ia) 
was converted (in 75% yield) into the known 2-amino-3-
cyanopyrazine (m.p. 189°) by phosphoryl chloride in NN-
dimethylformamide, a new example of a recently discovered 
reaction .3 Hydrogenation of this nitrile over Raney-nickel 
gave 87% of 2-amino-3-aminomethylpyrazine (Ila) , m.p. 
4--85° after purification through the phosphate, liberation 
at pH 10·5, and final sublimation. 
The diamine (IIa), heated under reflux with triethyl 
orthoacetate, furnished 70% of 3,4-dihydro-2-methyl-
pteridine (lIla), decomp. 177°. The n .m .T. spectrum of th 
cation (in MesSO + DCI) showed an AB quartet (2H) wtth 
principal peaks at"T 1·64 and 1·72 (protons on C-6 and C-7) , a 
sharp peak at 5·12 (2H) (CH2), and another at 7·66 (3H) 
(2-CH,), thus establishing that C-4 is hydrogenated Th 
diamine fIla) and triethyl orthoformate similarly gave 74°~ 
of 3,4-dihydropteridine (IIlb), which decomposed at 181 ? 
and had u .v. spectra (neutral species and cation) almost 
identical with those of the 2-methyl derivative. Simtlarlr , 
hydrogenation of 2-amino-3-cyano-5-methylpyrazin 
73% of 2-amino-3-aminomethyl-5-methylpyrazme (lIb), 
m.p. 81-5--82.5°, which was converted by triethyl ortho-
formate into 3,4-dihydro-6-methylpteridine (lIIc) (decomp. 
181°). All of these dihydropteridines are new and probabl 
could not be made by the reduction of the corresponding 
pteridines, because pteridine itself gave only 5,6, 7 , ~­
tetrahydropteridine on reduction.4 These dihydropteridin 
were oxidized by manganese dioxide in tetrahydrofuran a 
III 
~~ 
k! 
II: 
te 
te 
to 
HEMI AL 1M NI • TIO:-l , 19 9 
\ 
-( _2r. o t th nding ptcridines of which 6-methyl-
pt riuin (m.p. .) was unknown although its 
pr paration fr m 4,5-diammopyrimidin had often been 
l tt mpt d. 
Th dlamin (IIa) and cthyl hlorofonna1..e (Et3 -CHCla 
2( 2r.) gave % of 2-amino-3-cthoxycarbonylamino-
m thylpyrazine (IV), m .p. 131'5--132'5°. This urethane was 
c ' liz ,by rciluxing with ethanolic s dium ethoxide, to the 
kn wnli 2-hydroxy-3, dlhydropteridine (68%) which was 
th n oxidized y alkaline potassium ferricyanide at room 
t ~mpcr ture to 2-hydroxypteridine (78%). Hitherto attempts 
to xidiz 3,4-dlbydrop1.. ridines have led to over-oxidation 
to pterid n which arise by dehydrogenation of the 
oval nt hydrates of the pt ridines first formed. The two 
oXidizing r ag nt u. cd ab ve avoid this diffi ulty. 
2- ;thoxalylamid -3-cyanopyrazine (V), m .p. 16 161°, 
pr pared ( 00) from 2-amino-3-cyanopyrazine and ethox-
Ivl hlorid (in pyridin at 1°), gave 2-ethoxycarbonyl-3,4-
<Ilhy r pt riehn ~ (IIId) (d compo 161°) when hydrogenated 
over Ran y nIck 1 at 2 ° [n .m .r. in Me2 : singlets atr 1·81 
(2H) (proton on -6 and -7) and 5·16 (2H) (4-methylene), 
also a tripl t and a quart t at 8·70 (3H) and 5·70 (2H) 
( thyl gr up)]. Hydr genation at 70° gave also 2-ethoxy-
n 1- ] ,2,3, 4-t trahydropteridine, m.p. 97- 98° [n.m.T. 
1 . VogI and E. C. Taylor, J. Amer. Chem. Soc., 1959,81, 2472. 
t . • Shaw and . W . Woolley, J. BioI. Chem., 1949, 181, 89. 
1169 
in Me, () : s i nglct. at'T 2· 9 (2H) (protons on -6 and -7), 
5·01 (lH)and5' 1(2H) (protonson -2andC-4r p ctively)]. 
D hydrogenation of 2-ethoxycarbonyl-3,4-dihydr p ter idi ne 
(MnOl!) gave 2-ethoxycarbonylpteridine (6 o~: m .p . 1-9°). 
(1) a;R= H b; R = Me (II) 
(IV) (V) 
a ; H Me 
b ; H H 
c ; Me H 
d ; H tEt 
These are the first pteridines with a strongly electron-
attracting group in the 2-position, and the first recorded 
1,2,3,4-tetrahydropteridine. 
(Received, August 12th, 1969; Com. 1240.) 
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Pter id ine Stud ies. Part XXXIX.l,2 Pterid ines U nsubstituted in the 4- Posi-
tion; a New Synthesis from Pyrazines, via 3,4- Dihydropteridines 
By Adrien Albert and Kyuji Ohta, Department of Medical Chemistry, John Curtin School of Medical Research, 
Australian National University, Canberra 
3-Aminopyrazine-2 carboxamlde (IIa) . warmed in phosphoryl chloride and dimethylformamlde. gave 3-amino-
pyrazine-2-carbonitnle (IV), which was hydrogenated to give 2-amlno-3 -amlnomethylpyrazlne (I). This 
diamine was cyclised to 3.4-dlhydropteridine and its 2-methy l-. 2-hydroxy- . and 2-amino-denvatlves by treatment 
with ethyl orthoformate. ethyl orthoacetate. ethyl chloroformate. and S -methyllsothlouronlum hydrochloride. 
respectively. Similarly 2-amIn0-3-aminomethyl-5-methylpyrazine. obtained from 3-amlno 6-methylpyrazlne -
2-carbonitrile by hydrogenation. furnished 3.4-dihydro-6-methylpteridine. All these 3.4-dlhydropterldlnes were 
selectively oXldised (e.g. by manganese dioxide) to the corresponding ptendines. including the long-sought 
6-methyl ptendi ne. 
2 Amino-3-ethoxalylaminomethylpyrazlne (XIII) was made from the diamine (I) and ethyl tnethoxyacetate. 
Hydrogenation of 3-ethoxalylamlnopyrazine-2-carbonitrile (XIVb). prepared from the nltnle (IV) and ethoxalyl 
chloride. gave ethyl 3.4-dihydropteridine-2-carboxylate (VId) and ethyl 1.2. 3.4-tetrahydroptendine-2-carb -
oxylate (XVa). The former (VId) was hydrolysed to 3.4-dlhydropteridine - 2-carboxylic acid (VIe) and also 
oXlaised to ethyl ptendlne 2-carboxylate. The diamlne (I) and formaldehyde furnished 1.2.3.4-tetrahydro-
pteridine (XVb). 
8-Aminoimidazo[1.5-a]pyrazlne-3-thiol (X IIa) . unexpectedly obtained from the dlamine (I) and carbon 
blsulphlde. was desulphurised with nickel to give 8-amlnoimidazo [1.5-a] pyrazlne 
Ionisation constants and u v. spectra are reported and discussed. The covalent hydration of 6-methylpteridine 
and ethylpteridlne 2 carboxylate is described. 
HITHERTO 11 reaction for con rting pyrazines into 
pt ridm hay imultan ou ly furni hed a substituent 
in the 4-po ilion. This limitation is avoided in the 
foHm: ing synthe is, ba ed on a new clas' of pyrazine 
ba " [2-amino-3-aminometh lp} razine (I) and its 
derivativ ], and proc eding through 3,4-dihydroptcr-
idine - (for sev ral of which thi:; IS the fir t practicable 
'nth i). 
The key int rmediate,3-aminopyrazm -2-carbo. amide 
(IIa), was nv ninntly prepared from 2-amidino-2-
aminoac tamid (III) and glyoxal by the method of 
\ ogl and Ta 'lor.3 The amidine (III) wa made from 
th ,1 yanoac tate, fir t by converting 4 the cyano- and 
the ter group int an amidmo- and an amide group 
r p hv 1 , then by coupling 5 the product with 
diazoti· d aniline. The r sultin ph nylaz . derivatIve 
h . pr viou l} b en ('on 'ert d into the ompound (III) 
, tr 'atm nt with zinc and h . ro hloric acid 5 or by 
1 I art ..• -\ TIl . T. ]. 13 tt rham cl11d J . \\underlich, 
}. hem O( (//). 1!l 9. 9. 
2 . \ prelllninar . ac a unt of orne of thi work "as :ubmitted 
to Gil til omm .• Hl.69 . 11ti . 
3 n ngl ;Jnd E. . Ta~'lor, {. mer. Chcm. ,·oc .. 1 !l5D. 81. 
..472. 
hydrogenation over platinium , 6 hm ever, the yield was 
much improved (85%) when the azo-derivative was 
hydrogenated over palladium- arbon. 
(II) Q.R=H 
b;R:Me 
pN)CN 
eN )N=CH NMe2 
(Yl 
H 
I 
~N-C-CO'NH2 
I 
HN=C-NH2 
(ill) 
Becau e the amide (IIa) could not be reduced dir ctly 
to the primary amine (I), c.g. with lithium aluminium 
• E N. haw and D \. Woolley. J. Bioi. Chem .. 1949. 181. 
D 
6 L. H. Smith and P. Yatl!s. J. A mer. Chi Ill •• oc . 1 ()54. 76. 
60 0 
• J B. Bicking, .• 1. Robb. . F. K\\ong, and E. J. rar-nc, 
}. Jledlci,1. Chem .. 1967.10. 5 . 
Org. 
hydride, it was d.:;cided to proceed through the corre-
ponding nitrile (IV). This dehydration has previously 
been accomplished 7 only \\'ith phosphorus pentoxide, 
but the method is troublesome and gives a poor yield. 
However, a 75% ) ield was readily obtained by heating 
the amide with phosphoryl chloride in dimethyl-
formamide, followed by acidic hydrolysis of the amidine 
intermediate (V), a sequence which has proved useful 8 
for preparing other pyrazinecarbonitriles. H) drogen-
ation of the nitrile (IV) over Raney nickel gave 2-amino-
3-aminomethylpyrazine (I) (isolated as the phosphate). 
The free base (I) decomposed slowly when stored at room 
temperature, but remained unaltered at 5°. 
3,4-Dihydropteridine (VIa) was synthesised by heating 
the diamine (I) under reflux with triethyl orthoformate; 
triethyl orthoacetate similarly furnished the 2-methyl 
derivative (Vlb) These pteridines had almost identical 
U.v. spectra (neutral species and cation respectively). 
The IH n.m.r. spectrum of the cation of the 2-methyl 
derivative (VIb) in hexadeuteriodimethyl sulphoxide 
and deuteriochloric acid showed an AB quartet (2H) 
with principal peaks at T 1·65 and 1·71 (H-6 and H-7), a 
sharp peak at 5·12 (2H, CH2), and another at 7·66 (3H, 
CH3). These data confirmed that C-4 carried two 
hydrogen atoms, but they did not exclude a 1,4-dihydro-
structure. However, it has been est ablished 9 in the 
related quinazoline series that tautomerism greatly 
favours a 3,4- over a 1,4-dihydro-structure, most likely 
because an isolated double bond is thereby avoided. 
~JC4 3 6 yo I NH 7~N N~R 
8 1 
o 
~NrNH ~NJl~ 
(VlIII 
(VIlajR =H 
b;R =Me 
c; R = NH2 
d; R = C02Et 
e; R = CO:zH 
NJCOH :;.-" NH C I J 
N N oml 
N ~ 'pCHiNH'COlt 
~)JNH2 
N X ~ p' NH ~N)(N~O 
H (IXI (Xl 
Similarly, hydrogenation of 3-amino-6-methylpyrazine-
2-carbonitril :,8 made from 3-amino-6-methylpyrazine 2· 
carboxamide 3 (JIb), gave 2-amino-3-aminomethyl-5-
methylpyrazine, which triethyl orthoformat e converted 
into 3,4-dihydro-6-methylpteridine. No reduction of 
the p) razine ring was found in any of these hydrogen-
ations. 
All these dih) dropteridines are new. It is unlikely 
7 R. C. Elhngson, H L. Henry, and F. G. :;-"IcDonald, }. 
Amer. Chon Soc., 1945,67,1711. 
8 J. H. J ones and E. J. Cragoe, J. M edLcin. Chem., 1968. 11, 
:322. 
9 \V L F _ Armarego. J. Che1n. Soc., 1961.2697. 
10 E. C. Tavlor and \V. R. Sherman. }. Amer. Chem. Soc., 
1959 81 ~46t. 
11 J .\ttenburrow. A. F B. Cameron, J. H Chapman, R :\1. 
I: \an", B. A. Hems, A B. A. Jansen, and J \Valker, J Chon. 
Sc. 1952. 1094. 
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that they could be made by the reduction of the corre-
sponding pteridines, because pteridine itself gave onl 
5,6,7,8-tetrahvdropteridine on reduction.lO 
Until now, attempts to oxidise 3,4-dihydropteridine 
to pteridines have met with little success because of th 
ease with which the product, if it can form a covalent 
hydrate [e. g. (VII)], is oxidised further to the pteridin-4-
one [e.g. (VIII)]. Three reagents (see also later) have 
now been found that avoid such over-oxidation: the 
best of these for liposoluble material is activated man-
ganese dioxide,l1 but water must be excluded. 
The three dihydropteridines mentioned were accord-
ingly oxidised by this reagent to the corresponding 
pteridines, of which 6-methylpteridine (m.p. 130°) was 
previously unknown; its preparation from 4,5-diamino-
pyrimidine and pyruvic aldehyde, often attempted in 
the presence of 'methyl-directing agents' such a 
odium hydrogen sulphite or hydrazine,12 led invariably 
to the isomeric 7-methylpteridine (m.p. 128°), the 
orientation of the methyl group of which was proved by 
degradation. A mixture of the two isomers melted at 
about 105°. 
The diamine (I) and ethyl chloroformate gave a 90% 
yield of 2-amino-3-ethoxycarbonylaminomethylpyrazine 
(IX). That the aliphatic amino-group had been suhsti-
tuted was shown by the loss of basic strength (se 
Table 1). The original amine (I) had a highly basic 
group (pK!\ 8·40 in water at 20°) as well as a less basic 
one (pKa 2·05; cJ. 3·14 for 2-aminopyrazine 13). The 
urethane (IX) had a pK'l. at value 2·8, but none of higher 
value. When refluxed with ethanolic sodium ethoxide, 
this urethane was cyclised to the known 3,4-dihydro-
pteridin-2-one (X) This substance, previously made 14 
only by reducing pteridin-2-one,15 was oxidised to th 
latter by alkaline potassium ferricyanide. 
The diamine (I) gave 2-amino-3-guanidinomethyl-
pyrazine (XI) as the hydrochloride, when heated under 
reflux with S-methylisothiouronium hydrl)chloride in 
ethanol. The free base was cyclised to 2-amino-3,4-
dihydropteridine (VIc) by heating at 100°. The 
dihydropteridine (VIc), previously obtained 16 only by 
reduction of 2-aminopteridine,15 was oxidised to the 
latter by potassium permanganate in aqueous pyridine . 
The diamme (I), when heated with carbon disnlphide 
in pyridine, did not give the expected 3,4-dihydro-
pteridjne-2-thione,l' but a more acidic (pKa 8·74) 
compound (XIIa) (890/0 yield) to which we assigned the 
structure 8-aminoimidazo[l,5-a ]pyrazine-3-thiol. El--
mental analysis of compound (XIIa) indicated the 
molecular formula CaHaN4S, and the i.r. spectrum 
(Nujol) showed a characteristic N- H bending primary 
12 A. Albert, D. J. Brown, and H. C. S. Wood, ] Clum. Soc., 
1954, 3832. 
13 A. Albert H. J . Goldacre, and J . N. PhJllips, J. Chem. Soc., 
194H, 2240. 
14 A. Albert and S. l\latsuura, J. Chem Soc .. 196 1. 51:31 
H A Albert, D J. Brown, and G. W. H. Cheeseman, J. Chon. 
Soc, 1951.474· 
18 A. Albert and ]. J. l\lcCormack . } . Chem. Soc. (C). 1966. 
1117. 
17 A. Albert and]. J . :\JcCormack, J. Clum Soc. (C), ]968 63. 
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amine ab orption at 163 m.-I. Desulphurisation of 
th om pound (XIIa) gave 8-aminoimidazoLl,5-a]-
pyrazme (XIIb), the n.m.r. spectrum of which in hexa-
d uteriodimethyl ulphoxide showed an AB quartet (2H) 
with principal p ak at .. 2·37 and 3·05 (J AD 5·1 Hz, H-5 
N ~NH 
( )C
H'NH'C /' I 2 'NH2 
:""'N NH2 
(XI) 
(XTII) 
RI3 N 2 
4N~1 
:( JNH2 Ns 
7 
(XTI) a;R = SH 
b;R =H 
(NlHOCOOCO Et 
N 2 
(XIV) aiR = CH 2'NH2 
b;R = CN 
and H- ) and three inglets at 1·67 (lH, H-3), 2·23 (lH, 
H-I), and 2·9 (2H, NH2, exchangeable). The moder-
at ly trong ba ic property (pKa 6·55; see Table 1) was 
attributed to proton at ion of the imidazole ring. Hence 
in the thiol (XIIa), the mobile proton (shown on sulphur) 
may be mainly on N-2. Only a few imidazopyrazines 
have been report d,IB and none so simply substituted a 
th e two derivative. 
2-Amino-3-ethoxalylaminomethylpyrazine (XIII) was 
prepared from the diamine (I) and ethyl triethoxy-
acetate.19 The ori ntation of the ethoxalyl group was 
onfirm d b the low ba ic strength (pKa 2·66) and the 
n.m.r. aS5ignments: .. [(CD3)2 OJ 0'87br (lH, d, I 
5·5 Hz, C 'NH), 2·13 and 2·29 (total 2H, ABq, lAD 
3·1 Hz, H-5 and H-6), 3·70br (2H, s, NH2 on ring), 5·69 
(2H, d, I 5· Hz, CH .. of id chain), and 5·76 (2H, q) 
and ·74 (3H, t) ( tl I 7·3 Hz, Et). Thi~ pyrazine 
(XIII) h wed litt! tendenc to cyclise into ethyl 
3,4-dihydropt ridine-2-carboxylat (Vld) [e.g. when 
treated with pho phoryl chloride in pyridine, thionyl 
chloride (25°), or ethanolic sodium ethoxide J. It was 
thought that the isomeric 3-aminomethyl-2-ethoxalyl-
aminopyrazin (XIVa) would cy li more easilv, 
becau f the gr ater electron availability from an 
aliphatic amino-group. Accordingly 3-ethoxalylanuno-
pyrazme-2-carbomtnle (XIVb), prepared from the 
nitrile (IV) and thoxalyl chloride, wa gently hy<lroge 1 
at d v r Ran y nick 1, and gave eth I 3,4-dihydro-
pteridine-2- arboxylat (Vld) directly, although in only 
moderate i ld. Attempt to i olat the intermediate 
(XIVa) w r un u ful. \Vhen hydrogenated under 
more igorou condition, the ethoxalyl derivative 
( ... IVb) al ga\ m th '11 ,2,3,4-tetrah 'dropteridine-
.... - arbo .. ·ylat (.l'Va). Eth'I 3,4-dlhydropteridine-2-
arbo . 'late (Yld) wa' h) drol 'sed to the corre 'ponding 
a id (VI) wh n tirred with dilute acid at room 
t mp ratur. D h 'drog nation of the dih 'droptendine 
1 G. B nppa and:\ nppa. II Fal maca (·CL. Edn.). 1955. 
10. I l: . l\l BellinI . ..11111 GhzlII. (Italy). 1961. 51 . 1409 . 
·.Juckcrand ·.RI~i Hlh. 111m. Acta. 19 2. 45.23 3; .1.P. 
Merle and N R. I atel. J. JledlCill. Chem .• 1966. 9. 6. 
]. Chern. Soc. ( ), 197 
(Vld) with mangane e dioxide gave ethyl pteridine-2-
carboxylate (68%). The e three e ter are the fir--t 
pteridines reported with a trongly electron-attracting 
group in the 2-position. 
~NrNH ~NJlN,JcR 
H 
(XV) aj R- C02Et 
b;R = H 
Although attempt to prepare 1,2,3,4-tetrahydro-
pteridine (XVb) from 3,4-dihydropteridine (VIa) by 
hydrogenation were unsuccessful, it was readily obtained 
by reaction of the diamine (I) with formaldehyde in 
alkaline solution. The tetrahydropteridine (XVb) re-
mained unaltered at 25° for a month. The e compound 
(XVa and b) are the first recorded 1,2,3,4-tetrahydro-
pteridines. 
Covalent Hydration.-1n dilute acid, pteridine, a 
shown 20 by IH n.m.r. spectroscopy, undergoes rapid 
coval nt hydration across the 3,4-double bond to give 
the cation of compound (VII), and thi slowly equili-
brates further with water to give a mixture of the 3,4-
mono- and 5,6:7,8-di-hydrates (as cations). The pKa 
value and the u.v. pectra of 6-methylpt ridine (both 
neutral species and cation at equilibrium) closely 
resembled those of pteridine 15 and 2- and 7-methyl-
pteridines.12 These data suggested that 6-methyl-
pteridine similarly underwent covalent hydration. The 
IH n.m.r. spectrum showed that the neutral species of 
6-methylpteridine existed mainly in the anhydrous 
form in water at 33·3° (assignr.lenb of peaks are hown 
m Table 2). On acidification (pH ca. I), the cation of 
the 3,4-hydrate was ra.pidly fOrIPed, then It slowly came 
to equilibrium with the 5,6:7 ,8-dihydrate; chemIcal 
shift values agreed with tho:;e repurtc 20 for the cation 
of pteridine and 7-methylpteridine (-;f. Tabie 2). The 
ratio of the 3,4-mono- 0 the 5,6'7,g-di-hydrate at 
eqUllibrium WrlS found to be ca. 4 (cJ. 0·25 for pteridine 20). 
By a ral"c reaction technique,21 the short-Ii 'cd 
equili rillm between the (stable) hydrated 'ation and the 
(unstable) hydrated neutral pecles, was founri to be 
4·98 [expre' ed a~ pKI\ (hyd,J. The 10 s of ha IC strength, 
hO\ 'n by. tl e it Jl to 3· 9 pK'\ (equ 'l) when time-
independent equilibrium was achle red, provided further 
evidence of hydration and permitted calculation of ](2' 
the ratio of hydrated to anhydrou neutral pecies at 
equilibnum (20°), from the approximation: 21 
-log K2 = pI\. (hy. d) - pKn (equil). 
K2 wa found to be O· 1 and hence 6-methylpteridine 
i much Ie hy drated than pteridine,21 for which the 
corre ponding ratio i ,29. Thi difference might be 
18 R G. Jane. J. Amer. Chem. Soc. 1951 . 73.516 . 
20 A .\\bert. T. J. Batterham. and J. J. :\lcCormack.}. Chon. 
OC. (B). 1966. 1105. . 
21 D. D. Perrin. A dv. H eterocycltc Chem • 1965, 4. 43. 
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expected from the +1 character of the methyl group. 
because hydration is a nucleophilic reaction 
The U.v. spectrum of a fresh solution of ethyl pteridint:-
2-carboxylate in buffer at pH 5 closely resembled that 
of the anhydrous neutral species of 6-methylpteridine. 
ere confirmed by the n_m_r. spectra_ A fresh solution 
)f ethyl pteridme-2-carboxylate in deuterium oxide 
showed peaks characteristic of an anhydrous speci 
(see Table 2), but peaks at higher field and character-
istic of a 5,6:7,8-dihydrate soon began to appear. 
PyrazlI1c 
3-Amino-2-caJ bonitnle 
2-Amino-3-aminomethyl-
2-_\mino-3-ethoxycarbonylamino-
mcthyl-
2-Ami no-3 -cthoxal ylaminometh yl-
Ptendmc 
6-:\Iethyl 
Ethyl 2-carboxylatc 
3,4-Dihydro 
3,4-Dihydro-2-methyl 
3,4-Dihydro-6-methyl 
Ethyl 3,4-dihydro-2-carboxylate 
:~,4-Dihydro-2 carboxylic acid 
1,2,3,4-Tetrahydro 
Ethyl 1.2,3,4-tctrahydro-
2-carboxylate 
I midazo[I,5-a]pyrazine 
8- \mino-3-thiol 
-Amino 
TABLE 1 
Ionisation constants and ll_V_ spectr 
r--
peclCS a pI{ .. 
o 
+ -0-4J 
o 
-+- 8-40 d 
2+ 2-05' 
o 
--l- 2-80 
o 
+ 2·61 
o 
+1 
o 
o 
+ 
o 
+ 
o 
+ 
o 
+ 
o 
o 
-+-? 
o 
+ 
2+ 
o 
+ 
t-
o 
+ 
3-89 
2-i3 i 
6-36 
7·26 
6-66 
3-741 
5-62 
0-10 
331 
8-74 
5·66 
6-55 
Ionisation in water (20°) 
----------~~~----- , 
'prcau 
Q-04 
0-03 
0-0 
0-05 
0-04-
0-04-
0-04-
0-04-
0·01 
0·03 
0·06 
004 
0-02 
0-07 
0·05 
0-04 
0·06 
Concn_ 
(r.J) 
1-5x10 t 
1 X 10-3 
7·7 >< 10-6 
5-2 10-4 
i·l > 10 I) 
1 " 10-3 
:3 0)< 10-1) 
4-7 X 10-6 
4 -6 X 10-5 
t-7 X 10-5 
1 )( 10 3 
1 X 10-3 
4-7 X 10-5 
X 10-3 
3-4 X 10-5 
1·1 X 10-4 
76 ,< 10-6 
.\ _w_J.b 
mfL 
376 
P 
335 
340 
34 
p 
240 
343 
343 
343 
p 
p 
345 
p 
260 
273 
285 
11_\'_ data (in water) r 
, -, 
Am&>. _ (mfL) log £ pH 
245, 350 
240, 35 
230, 313 
229, 313 
227 , 321 
230 , 314 
228 , 322 
227, 316 
227 , 322 
303, 315 
306 
300, 311 g 
318 A 
314 
335 
311 
301, 335 
311 
301, 341 
316 
345 g 
218, 319 k 
226,319' 
342 rn 
244, 287, 
:-l34 
237, 289, 
325 
234, 339 
241 , 288, 
32 
228, 322 
259, 289, 
:-lOO, 340 
235, 27:~ , 
28.5, 2.')9, 
346 
274, 283 . 
299 
267, 27 
29 
4-13, 3-82 
4-18, 3-96 
3-96, 3-73 
4-07, :l-7 
4-07, 3-85 
3-97, 3-7 
4-01 , :l -85 
4-10, 3-79 
4-11,3-85 
3-94, 3-90 
3-9 
3-97, 3-9 
4-06 
4-01 
3-96 
3-90 
3-66, 3-9 
3-9 
3·63, 3-9 
4-01 
3-92 
3-8;, 3-84 
3-86, 3-91 
3-93 
3-90, 3-20, 
:-l-7 
3-91 3-29, 
3-79 
3·95, 3-80 
3-85, 3-26, 
:l-80 
3-93, 3-81 
4-39, 4-11, 
3-9 1, 3-40 
4-03 . 4-27, 
4-19, 4-09, 
3-43 
3-70, 3-73 
3-68 
3 n , 3-70, 
3·61 
. 
.. 
- 3 
II 
4 
o 
5 
5 
6 
2 
5 
5 
o 
9 
4 
1 
5 
4 
7 
7 
o 
13 
3 
- 2 
6 
1 
13 
2 
10 
4 
a Neutral species (0), cation (+). dication (2 t), anion (-). b Analvtical wa\elength for spectrometnc determmatlol1s (P 
potentiometric) a~ in A_ Albert and E P_ SerJeant, • Ionization Con"tLlnts of .\CJds and Bases,' Methuen, London , 1962 _ c In-
flections in jlalics_ d Ionisation of the side-chain NH2 group_ e Ionisation of the ring NH2 group_ 1 The pH .. represents an 
I'quilibrium of hydrated and anhydrous species (see text)_ g Thi.., spectrum was measured immediately after dis,>olution _ "Thi 
spectrum was measured after equilibration with pH 5 huffer (4 days)_ I The pJ{a represents an equilibrium of hydrated neutral 
species and hydrated cation (see text)_ j The pKa represents an equilibrium of anhydrous neutral species and anhydrous cabon 
(see text)_ k This spectrum was mf'asured after "quilibration \\ ith pH 7 buffer (2 days) I The spectrum (cation, or cation plu 
neutral species) was measured after equilibration with water followed by adjustment of the pH to 0_ '" There is also a peak at 
318 mfL (log £ 3-94) (pH 0)_ The spectrum at pH 7 was a hvlmd of both species. 
but gradually changed during 4 days until equilibrium 
with a new species was established_ In acid solution 
(pH 0), ethyl pteridine-2-carboxylate immediately 
_,howed the spectrum of the cation of this new species, 
the pKn value of which was found to be 2·73 at 20 0 
(Table 1). These indications of covalent hydration 
After 48 hr. at 25 0 only the peaks due to the latter 
'pedes remained_ These n_m_r. spectra abo showed 
that there is little tendency to form a 3,4-hydrate _ Thi 
result is consistent with data 22 from the quinazolin 
2Z \V_ L. F_ Armarego and J- 1. C_ Smith, ] Chl'1n Soc. (C), 
19G6. 234_ 
'01-
vent b 
A 
B* 
Bt 
7·04 e A 
7·32 d B* 
·26 d B t 
7·04 C 
7·31 B * 
8·22 B t 
. thy! 2- 0·05 0.39 4 0·54 e" C 
carboxylate 2·13 4.62 4 4· 3 e,g C t 
.. Assignment for H(6) and H(7) may be interchanged. 
b A, deuteriochloroform: B, deuteriochloric acid; C, deuterium 
oxide. • Value from S. Matsuura and T. Goto, J. Chem. Soc., 
1963, 1773. d Values from ref. 20. 4 Doublet (J 1·7 Hz). 
'Peak for Et at -r 5·30 (q) and ·44 (t) (J 7·7 Hz) . g Peaks 
for Et at -r 5·56 (q) and ·52 (t) (J 7·7 Hz). 
* 3,4-IIydrate. t 5,6:7,8-Dihydrate. 
serie in which any group that reduce polarisation of the 
3,4-bond di ourages hydration in the pyrimidine ring. 
The coval nt hydration of dihydropteridines has been 
little xpl red. Of the dihydro-compound reported in 
thi paper, only thyI3,4-dihydropteridine-2-carboxylate 
(VId) howed an vidence of hydration according to the 
criteria in ref. 23. In water at 20°, the U.v. spectrum 
of the compound (Vld) gradually changed during 2 days, 
and the uh tancc arne to equ 'librium with a species, 
th u. T sp ctrnm of whi 'h resembled that of ethyl 
1,2,3.4-tetrahydropteridine-2-carboxylate ( ee Table 1). 
Thi r action, fastel in acid solutIOn, was followed by 
n.m .r. _ pectro'oc py. The fIe hly dis olved compound 
(VId) in d uterio hloric acid (pH ca. 1) gave a spectrum 
due to the cation of anhydrous ethyl 3.4-dihydro-
pt ndine-2-carbox ' late atioIl: 't" 1·47 and 1·55 (total 
2H. two d. J .. A) Hz. H 6 and H .. 7), 4·80 (2H, ,4 .. CHz)' 
and 5·40 and ·59 (2H. q and 3H. t. H' pectively, J 7·7 
Hz, Et)]. Aft r 1·5 hr.. the . pectrum ,-,howed new peaks 
(du t) npw sp ' i s) a well a tIlt former ones (inte-
gration rabo 1 : 1). Th n w p al\. \ 'ere a t ypica l AB 
quart t \\ ith prin ipal p aks at -r 1·15 and 1·29 (J AD 
~ . Hz. Hand H-7) and a in let at " 5·54 (4- Hz). 
Ithough th s d ta . ugg t d at first that tllL compound 
(\ ld) und rw nt ( )valent hydration acros the 1.2-
doubl bon to gi T th cation of til hydrate (XVI), it 
W ,l' un xp ct'd that aromati -atinn of the pyrimidine 
ring would au til pyrazine ring proton signal to move 
downfi ld. . ft r 3 day. at pH 1. the ontent of the 
ample tub g l l' onl \\ 'ak . ignaL (apart from peak 
du 0 thanol) b > au~c of the pr ipit tion of 3,4-
dih 'dropt ridin -i arho 'yli ' aCId (\'1 ) ( e before). 
Th pK/I or the qUllibrium of c mpound (Yld) 
h tw en tit anhydr()t1~ t l tion and the anhydrou ~ 
n utral p , ' le ..... , \)htain d potentiom'trically within 
15 min. of dt ~olving the sp im n. wa' found to be 
2J lbert, A JI Ii. eli Ill., 1 () 7, 79. 13: . lbert anu 
\V. L . F. Armar " o. Ad,. IItterocyrilc c..;ht!HI., 1 5. 4. 1. 
]. Chern Soc. (C), 197 
3·74 at 2 ° However no time-independent quilil>rium 
phn could be obtained either potentiometrically ( cau e 
of the poor solubility of the hydrate) or pectrophoto-
metrically (there wa too little u .v. pectral change 
between pH 0 and 7) . 
A comparison of the u.v. spectra (long-wavelength) 
of the neutral specie of ethyl 3,4-dihydropteridine-2-
carboxylate hydrate (XVI) with that of ethyl 1,2,3.4-
tetrahydropteridine-2-carboxylate (XVa) howed a 
hypsochromic shift of 9 mfl. A similar shift wa. found 
between the spectrum of the neutral specie of pteridine 
3,4-hydrate (VII) 24 and that of 3,4-dihydropteridine 
(VIa) (17 mfl), also a shift of 26 mfl Z5 in the ca e of the 
corresponding quinazolines. This phenomenon has been 
attributed to a hydrogen-bonded interaction between 
the hydroxy-group and the IT-orbital of the aromatic 
ring. Z3 
Ionisation Constants and U. v. Spectra.-These are 
presented in Table 1 ; some values have already been 
discussed. Attention is drawn to the basic strength of 
the 3,4-dihydropteridines, greater than that of the 
corresponding pteridines because of the base-strengthen-
ing amidinium-type resonance in the cation made 
possible by protonation on N-l. The hypsochromic 
shift (ca. 25 mfl) seen upon protonation of the e 3,4-
dihydropteridines, is reminiscent of that shown by 
2-amino-3,4-dihydropteridine.16 
EXPERIMENTAL 
Yields refer to material suffIciently pure to give only one 
spot in chromatography on Whatman no. 1 paper developed 
with solvent A (3% aqueous ammonium chloride) or B 
(butanol- 5N-acetic acid, 7: 3) and viewed under 254 mfl 
light . 
D.v. speclra were measured with a Shlmadzu model 
RS 27 recording spectrophotometer or a linicam SP 00 
spectrophotometer; the wcivelength and intenSIty of each 
maximum was then ch eckEd WIth an ptica manual 
in trument. I.r. spectra were taken (for mull In Nujol) 
\\ ith a Dnicam SP 200 spectrophotometer N .m .r. spectra 
\\ere determined WIth a Perkin-Elmer model RIo 'llstru-
ment operatli1g at 3~·3° and 60 MHz ; tetramethylsilane 
was t h e internal standard. except for solutions in deuterium 
oxide, for whIch sodium trimethylsilylpropdnesulphonate 
as used 
2-A11,idino-2- minoacetamide (III) Dzhydrochloride.-To 
a uspension of pall.ldium-carbon (I 0°'0' 4 g.) in 50% 
aqueous ethanol (400 mI.). preVIOusly saturated with 
hydrogen. was added 2-amidino-2-phenylazoacetamide 
hydrochloride ( 9 g.). The susp<>nsion was shaken with 
h ydrogen at 20° and atmosphenc. pre sure untIl 2 mol. of 
hydrogen had been absorbed The cataly t was filtered 
off. The filtrate. evaporated at 40° m vaCHO until it formed 
two layer. was e tracted WIth ether (3 A 50 ml.; r jected). 
10. '-Hydrochlonc aCId was added to the aqueous layer. 
\,hleh was then concentrated to ca. 100 ml and mi.·ed with 
ethanol (20 ml) and ether (300 ml.). RefrigeratIOn Yielded 
the anudInoamino-anl1de dlhydrochlonde, decomp. ca. 195° 
~ D. D. Pernn, ] Chem oc. 1962. 645. 
25 A Albert, \\ . L. F. Armarego. and E. pinner, J. Chern. 
Soc .• 19 1. 526"i. 
Or 
(lit.,S 209-210!)), iden tical wlth an authentic sample (i.r. 
spectra) [Found (material dried at 20°): C, 19·3 ; H , 5·3 ; 
N, 29·5. Calc. for C3H 10Cl2N,O C: 19·1 ; H ,5·3 ; 
29·6%J. 
3-A minopyrazine-2-carbonitrile (IV) .-To a mixture of 
3-aminopyrazine-2-carboxamide (9·7 g., O·OS mole) and 
dimethylformamide, cooled in ice-water, was added phos-
phony I chloride (15 ml., 0·16 mole) dropwise. The solubon 
was heated at 50° for 30 min. and concentrated at 20%' 1 
mm. To the residue was added water (40 mI.) . The solution 
was boiled for 1 mm., then cooled, and deposited 3-amino-
pyrazine-2-carbonitri le, m.p. lS5-1SSo (1S9° from water) 
(lit.,' 191'9°, corr.). identical with an authentic sample 
(paper chromatography, mixed m .p ., and i .r. spectra), 
v 3420s, 3350s, 3170s, 2230m (C=N str.). and 1665s cm.-1. 
max. 
2-A1nino-3-aminomethylpyrazine (1) .-A mixture of 2-
ammopyrazme-3-carbonitrile (1·0 g .) and Raney nickel 
(ca. 1 g., wet wt.) in ethanolic ammonia (100 ml.) was 
shaken with hydrogen at 70° and 4 atmos. After 5 hr., 
the catalyst was filtered off. The filtrate was evaporated 
to dryness at 40° in vacuo. The residue was rubbed with 
chloroform (2 X 25 ml.) and filtered, and the filtrate was 
evaporated to dryness at 40° in vacuo. To the residue in 
ethanol (60 ml.) was added ethanolic 1M-phosphoric acid 
(9 ml.). The precipitated 2-amino-3-aminomethylpyrazine 
phosphate (S3 %). after recrystallisation from 75% aqueous 
ethanol, decomposed at ca. 169° without melting [Found 
(material dried at 1l00/O·01 mm.): C,25'4; H,4'9; N.23·1. 
CsH sN",H3PO"O'75H20 requires C, 25'5; H. 5·4; N, 
23·S%]. The pH of a solution of this phosphate (1 g .) in 
water (10 ml.) was adjusted to 10·5 with 0·2N-sodium 
hydroxide (5 mI.). and the resulting solution was evaporated 
to dryness at 45° in vacuo . The residue, further dried in a 
vacuum desiccator, was extracted with hot ethanol 
(3 X 20 mI.) . The extracts were evaporated to dryness at 
40° in vacuo and the residue, sublimed at SOO /0 '003 mm .• 
gave 2-amino-3-aminomethylpyrazine (Sl % based on 
phosphate). m.p. 84° (Found: C, 4S·7; H, 6·5; N, 44·9. 
CaHSN" requires C, 48·4; H,6'5; N, 45·1%), Vrnax. 3320s, 
3150s, and 1655s cm.-1, 't' [(CD3)2S0] 2·04 and 2·20 (total 
2H, q, ] 2·6 Hz, H-5 and H -6), 3·49br (2H, s. NH2 on ring), 
6·13 (2H, s, CH z)' and 7·64 (2H, s, NH z on side chain) . 
3,4-Dihydropteridine (VIa) .-A suspension of 2-amino-3-
ammomethylpyrazine (0·18 g .) in triethyl orthoformate 
(2·5 ml.) was heated under reflux (at 145°) for 1 hr. The 
cooled mixture deposited 3,4-dihydropteridine (74%), 
decomp . ca 181° (from ethanol) [Found (material dried at 
20% .01 mm.): C, 54·2; H, 4·6; N, 41·4. CsHsN, 
requires C, 53·7; H, 4·5 ; N, 41·S%]. It remained un-
altered when stored at 5°; 't' [(CD3)zSO] 1·95 (2H, s, H -6 
and H-7), 2·77 (lH, s, H-2). and 5·30 (2H , S, CH2 at C-4). 
3,4-Dihydro-2-methylpteridine (VIb).-A suspension of 
2-ammo-3-aminomethylpyrazine (0·15 g.) in triethyl ortho-
acetate (2 ml.) was heated under reflux (at 145°) for 30 min. 
The cooled mlxture deposited 3,4-dihydro-2-methy lpteridine 
(70<}o). decomp. ca. 177° (from ethanol) [Found (material 
dried at Soo/O·OI mm.): C,56·2 ; H , 5·3 ; N.3S·0. C,HsN" 
reqUlres C, 56'7; H, 5·4; N, 37·S%]. 
2-..1 mtno-3-aminomethyl-5-methylpyrazine.-A suspension 
of 3-ammo-6-methylpyrazine-2-carbonitrile (0·1 g .) in 
ethanol (20 ml ) was shaken with hydrogen over Raney 
nickel (ca. 0·2 g., wet wt.) at room temperature and 4 
atmos. for 12 hr. The catalyst was filtered off. Ethanolic 
t-phosphoric aCld (1'5 mI.), added to the filtrate, precipi-
ta ted 2-amino-3-aminomethyl-5-methylpyrazine phosphate 
1545 
(73 %), decomp. ca. lSSo (from aqueous ethanol) [Found 
(material dned at 1l00/0·01 mm.): C, 30'4; H . 5'S; N, 
23·S. CeH13N 10,P reqUlres C, 30'5; H, 5·5; N, 23·7°{,J. 
The free base was prepared like 2-amino-3-aminomethyl-
pyrazme. Sublimabon of the residue gave 2-ammo-3-
amtnomethyl-5-meth}'lpyrazine (S4%), m .p . Sl'5° (Found: 
C. 52·0; H , 7·2 ; N, 40·7. CeHION, requires C, 52·2; H. 
7·3 ; N , 40·6~o). 't' [(CD3)2S0] 2·25 (lH, s, H-6). 3'S6br 
(2H, s, NHz on ring). 6·23 (2H, s, CHI), 6·90 (2H, s, NHo on 
side chain), and 7·75 (3H, s, Me). 
3,4-Dihydro-6-methylpteridine.-A suspensIOn of 2-amino-
3-aminomethyl-5-methylpyrazine (0·09 g.) in triethyl 
orthoformate (1·2 ml.) was heated under reflux (at 145°) 
for 2 hr. . then cooled. Filtration yielded 3,4-dihydro-6-
1nethylpteridine (69%). decomp. ca . lSI ° (from ethanol) 
[Found (material dried at Soo/O·Ol mm.): C, 56·S; H, 5·7; 
N, 37·7. C,HsN, requires C, 56'7; H . 5'4; N, 37'S%], 
't' [(CD3)2S0] 2·01 (lH. s. H-7). 2·77 (IH, s, H-2) , 5·34 (2H, 
s, 4-CH 2). and 7·67 (3H, s, Me) . 
Pteridine.- A suspension of 3,4-dihydropteridine (0·03 g.), 
manganese dIOxide (0·3 g .• large excess), and barium oxide 
(0·25 g.) in t etrahydrofuran (5 ml.) was stirred at room 
temperature for 2 days. The residue was filtered off. The 
filtrate was evaporated at 30° in vacuo, and the residue, 
sublimed at Soo/O·l mm., gave pteridine (52%), m.p. 136° 
[lit.,15 13S and 140° (two forms)], identical with an authentic 
sample (paper chromatography, mixed m.p., and i.r. 
spectra) . 
2-Methylpteridine.-3.4-Dihydro-2-methylpteridine Slml-
larly gave 2-methylpteridine (SO%, after sublimation at 
105% ·1 mm.), m .p. 140° (lit., n 141°), identical with an 
authentic sample . 
6-Methy lpteridine.-A suspension of 3,4-dihydro-6-
methylpteridine (0·03 g.), manganese dioxide (0·3 g.). and 
anhydrous magnesium sulphate (0·2 g.) in tetrahydrofuran 
(3 ml.) was stirred at 5° for 2 days. The residue was 
filtered off. The filtrate was evaporated at 25° in vacuo, 
and the residue. sublimed at 70% .05 mm ., gave 6-methyl-
pteridine (74%). m.p . 130° (Found: C, 57'S; H. 4·4; N, 
3S·7. C,HsN" requires C, 57'5; H, 4·1; N,3S·35%). 
2-A 1nino-3-ethoxycarbonylaminomethylpyrazine (IX) .-To 
2-amino-3-aminomethylpyrazine (0·25 g.), dissolved in 
triethylamine (0·3 ml.) and chloroform (S mI.). was added 
ethyl chloroformate (0·2 mI.) . The solution was stirred at 
25° for 2 hr.. and eva porated to dryness at 40° in vacuo. 
The residue , dlssolved in hot water (3 mI.). gave on cooling 
2-ammo-3-ethoxycarbony lamtnomethylpyrazine, m . p. 131'5° 
(frem water) rFound (material dried at 20°) : C, 49·1; H, 
6·3 , N, 2S· 7. CSH1ZN,Oz requires C, 49·0; H, 6·3; N. 
2S'6%J, v rnax• 3420m,sh, ~360s, 3250m, 1705s (C=O str), and 
1655m em. 1. 
3,4-Dihydropteridin-2-one (X) .-To ethanolic sodium 
ethoxide [from sodium (21 mg.) and ethanol (2 mI.)] was 
added 2-amino-3-ethoxycarbonylaminomethylpyrazine (79 
mg.). The mixture was heated under reflux for 1 hr., and 
evaporated to dryness at 40° in vacuo. The residue was 
dissolved in N-sodium hydroxide (1 ml.) and the solutIon 
was filtered (charcoal) . The filtrate. acidified to pH 6 with 
2N-hydrochloric acid, deposited 3,4-dihydropteridin-2-one 
(6S%), which darkened at ca. 251 ° (from water) (lit ., 14 
250°). It was identical with an authentic sample (paper 
chromatography and i.r. spectra). 
Pteridtn-2-one -To a well stirred solution of 3,4-dihydro-
ptendm-2-one (0·03 g) in 2N-potassium hydroxide (1 ml) 
was added, dropwlse, 0'4M-potassium ferricyanide (1' 1 
1546 
·quiv.) dunng 40 min. '1 he solution was then stirred for 
5 hr., and n utr Ii ed with 5. -hydrochloric acid. The 
pr cipitate eposit d on cooling gave ptendin-2-one (7Bo.~), 
deco p ca. 23 ° (lit.,16 240°), identical with an authentic 
sample (paper chromatography and i.r. spectra) 
2-A mino-3-gt4amdtnomethylpyrazine (Xl) Hydrochloride. 
-A mixture of 2-amino 3-aminomethylpyrazme (0·13 g.) 
and methylisothlOuronium hydrochloride (0·15 g .) m 
ethanol (2 ml.) w s heated under reflux for 1·5 hr. On 
cooling, 2-amino-3-guanidinomethylpyraztne hydrochloride 
s paratecl (69%), decomp. ca 219° [Found (material dried 
at 25%·01 mm.): C,32'5; H,6'2; ,37,9. CsH u ClN6,H20 
r qUIres C, 32'7; H, 5'{}; N, 3B·1%]. The less u eful 
(b cause in oluble) sulphate, decomp. ca. 232°, was obtained 
( 1 % yield) when the diamine was heated under reflux with 
-methylisothiouronium sulphate in water for 1·5 hr., 
T [(C 3)2 'OJ 2·15 (2H, d, H-5 and H-6), 2·1Bbr [5H, s, 
guamdino-groupJ, 3·46br (2H, s, NH2 on ring), and 5·57 
(2H, , H2)' 
2-A H-1.ino-3,4-dilzydropteridine (VIc) Toluene-p-sulphonate. 
- To ethanohcodium ethoxide [from ethanol (1'5 mI.) and 
sodium (11'4 mg.)J wa added 2-amino-3-guanidinomethyl-
pyrazine hydrochloride (0'10 g.). odium chloride was 
filtered off The filtrate was evaporat.ed to a syrup, which 
was heat.ed at 100° for 4 hr. To the resulting solid, sus-
pend d in thanol (10 mI.), was added toluene-p-sulphonic 
acid monohydrat (0·1 g .) . The' mixture was filtered hot 
(charcoal), and the filtrate, concentrated to I mI.. gave 
2-amino-3,4-dihydropteridme toluene-p-sulphonate (61 %), 
which darkened at ca 1900 and melted at. 2100 (from 
ethanol) (lit.,18 darkened at 1750 and melted at ca. 215°) . 
It wa identt al with an authentic sample (paper chromato-
graphy and i.r. spectra) . The free base, liberated when the 
salt (0·(J7 g) W<.L:i dissolved in -sodium hydroxide (2 mI.) , 
was used for the pr paration of 2-aminopteridine without 
purifica ion. 
2-A mmopteridine.-To a well stirred olution of 2-amino-
3,4-dihydr pteridm (15 mg.) m aqueous pyridine (trl-
hydrate, I ml.) was added (dropwise) aqueous 0'2M-
ota ium permangallate (1·1 equiv) during 20 min. 
Mangan dlO Ide ,,·a filter cl off The filtrate , adjusted 
to pH 7 and N-hydrochlonc acid, wa evaporated in vacuo 
The reslJue \ as uspended in water (0'5 mi. ) and the 
precipitate, separated b fil t.ratlOn, gave 2-aminopteri ine 
(74%), decomp. >2i3° (ht. ,16 >275°), H.lentica \\l th an 
uth ntic ampl (i.r. p ctra and paper chromatography). 
B . mi1loimida:o[ I ,5-aJ Pyrazine-:~ -thiol ( r IIa).-To a sus-
p n ion of 2-amino-3-aminomethylpyrazine (0·16 g.) in 
pyridine (2'5 tnl.) l1. added c rbon disulphide (0·25 mI.), 
and the mi . ·tur va . heated under reflu " for 30 min . A 
solution of th -aminoimzdazo[I,5-aJpyrazme-3-thlol (de-
po it d n cooling) in N- odium hydroxide (1 ml) was 
clarified by fi1 ration dju tment of the pH to 7 with 
N-hydrochlonc acid precipitated th pure compound, 
decomp. '> 2~0° [Found (material dn d at 110% ·01 mm.): 
, 43'5 ; H , .1·; , 33·6; 1·0 C6HeN, requires 
, 43,4 ; H, 3· ; ~, 33·7 ; , 1 3%], "rna 3-120m, 3300 , 
3200, ca. 2500rn br. ca. 1 OOw,br, 1630 , 1575s, and 
11)25 cm.-1 , ";" (2 - a D) 2·42 (lH. U. 1 0·9 Hz, H-l ) 2·52 
(lH, q. 11." ·q,15.s '·0 Hz. H -5 ·), and 3·15 (IH, d, ] 6· Hz, 
H 6·) (the a ' j TUm 11 . mark d may be revers d). 
-AmiHoimidazo[I,5-aJpyrazille (.-lIb) - To a su pen Ion 
of -aminoimi azo[ l ,5-aJpyrazine-3-thlOl (0·12 g .) in aqueou 
5 -ammonia (1'5 ml. ) \Va added Ran nIckel (ca. 0·1 g , 
\ ' t \ t .): the \'holc was heated und r r flux for:... hr. and 
J. Chen1. oc. ( ) 1 1970 
filtered. The filtrate was e aporated to dryne s at 40° 
in vacuo. The residue gave 8-aminoimidazoL ,~-aJpyrazine 
(53%), m.p. 15{}0 from water (I m1.)J LFound (m terial 
dried at Boo/O·Ol mm.): C,53'1 5; H, 4.'7, ~ ,42,0. CeHe.l. 4 
requires C, 53 7; H, 4'5; N, 41·B%J." x. 3550m, 3330s, 
3120s, 1655s, 1625s, and 1535s cm.-1• 
2-A mino-3-ethoxyalylarninomethylpyrazine (XIII) .-A 
suspen ion of 2-ammo-3-ammomethylpyrazine (0·066 g.) in 
ethyl triethoxyacetate (2 ml.) was stirred at 110° for 1 hr., 
then cooled. Filtration yielded 2-amino-3-ethoxalylamino-
methylpyrazine (66 %), m.p. 161° (from ethanol) [Found 
(material dried at 20°/20 mm.): C,4B'3; H,5'4 , N,25·3. 
CgH 12N,03 requires C, 4B·2; H, 5,4; N, 25,0 0'oJ, "maL 
3420m. 3360s, 3250m, 1730m, 1695s, 1650s, 1550m, and 
1525m cm.-1 . 
3-Ethoxalylaminopyrazine-2-carbonitrile (XIVb) .-To a 
solution of 3-aminopyrazine-2-carbonitrile (1'5 g.) in 
pyridine (15 mI.), cooled at 10, was added ethoxalyl chloride 
(2'5 mI.), dropwise . The mixture was stirred at 10 for 2 hr. , 
then ethanol (2'5 m1.) was added. The mixture was stirred 
for 5 min., then evaporated to dryness at 40° in vaCHO . The 
resid ue gave 3-ethoxalylamidopyrazine-2-carbomtrile (B4%), 
m .p. 160° (from ethanol) [Found (material uried at 60% ·01 
mm.): C, 4B·B; H, 3·6; N, 25·3. C9H sN,03 requires C, 
49·1; H, 3·7; N, 25'5%J, "max. 3320s, 1715 , l.i45m, and 
1525m cm.-1 (no peak between 2000 alld 2500 cm. -1). 
Ethyl 3,4-Dihydropteridine-2-carboxylate (Vld).-A sus-
pension of 3-ethoxalylaminopyrazine-2-carbonItrile (0·22 g.) 
in ethanol (20 mI.) was hydrogenated over Raney nickel 
(ca. 0·6 g., wet wt.) at 200 and I atmos. unt.il 2 mol. of 
hydrogen had been absorbed. The catalyst was filtered off. 
The filtrate, concentrated to a small volume at 40° Ht acu'o, 
was put on a thin-layer plate (silica gel; 20 20 cm., 
thickness 2 mm.) and developed with ethyl acetate. A 
fractIOn (Rp O·IB) , which strongly absorbeu u v. light 
(254 mf.L), was removed from the plate, and extracted with 
hot ethan01 (3 X 20 mI.). The extract \vas evaporated to 
dryness at 40° in vacuo. The re idue gave ethyl 3,4-
dihydropteridine-2-crtrboxvlate (17%), decomp. ca. 161 n (from 
ethanol) [[o'ound (matcrirtl dned at 20)/0·01 mm.): C. 32· 'l, 
H, 4·9; N, 27·0. CgHIO.l. -i' 2 e'1Ulres C, 52 -1; H, 4'9 , 
~, 27'2%J, \/rr::>x. 31 BOm, 3 '>Om. 1725s (C=O str). and 
1615s cm.-l , T [( D 3}zSOJ l·Bl (2H, s, H 6 and H 7), 5·16 
(2H s, 4-CH2), and 5·70 (2H, q, and B·70 (:3H, t) (Et). 
E thyl 1 2,'l 4-Tetrahydropteridine-2-carboxylate (A Ta).-
A suspension of 3-etho. alylamldop) razme-2-carbonitrilc 
(0·22 g) methanol (20 mI.) was hydrogenated ov r Ran y 
nickel (ca. 0·6 g., wet wt.) at 70" and -1 atmo . for 5 Lr. 
The pt ridme was purified by the ame proc.tdurc a:'; 
compuund (VId) rR, 0·20 (silica gel; ethyl acetate) J. 
Crystalh 'abon fram henzene- light petroleum gave ethyl 
I,2 ,3,4-tetralzydropteYldlt e-2-carbox_v1ate (II %). m.p. 102° 
[[o'ound (material dried at 20%·01 mm.): C, 52·4; H, 5·7; 
N, 27·35 C9H 12N,02 reqUires ;)1 9; H, 5·B. ~ . 26·9%), 
" 3300m, 3210s , 1735s (C=O str), 155m . and 15iOm ITU • 
cm. 1, ":' ( D 13) 2·09 (2H, s, H-6 and H-7), 4·1 br (IH, s, 
H - l ), 5·01 (IH, s, H-2). 5·Bl (2H, ,H-4), 7·60 br (tH, <;, 
H -3). and 5·66 (2H q) and ·69 (3H. t) (E ). 
Ethyl Ptendine-2-carboxylate -:\ susp nsiol1 of cth'l 
3,4-dlhydropc ridine-2-carbo. 'ylate (0·025 g.), mangane c 
dlo:x.lcle (0·25 g.), and anhydrous magnesium sulphat 
(0·21 g.) 111 tetrahydrofuran (2 mI.) was tirred at 5° for 
2 daJ·s. The re idlle wa filtered off. The filtrate \"as 
evaporated to dryne " at 250 in vacuo, and the re icluc, 
ublim u at 11 0/0·0.') mm., ga 'C ethyl pteridine-2-carbox '1-
)rg 
128·5' (Found: C, 53·0; H, 3'9; N, 27·4. 
'oHsN,Oz reqUIres C, 52· 9; H,4·0; N, 27·4%), \lmaL 1735s 
((' () <,tr ), 1570m, and 1555m cm.-1. 
3,·'1 lJihydropteriJine-2-carboxy!zc Acid (Vle).-A solution 
of ('thy I 3,4-dlhydropteridine-2-carboxylatc (0·066 g.) in 
O'I~ hydrochloric acid (2 mI.) was stirred for 2 days. The 
pn'l'lpltate, 34-dihydropteridine-2-carboxylic acid (45%). 
crystalhsed from water, darkened at ca. 153° [Found 
(mat('nal dried at 20%·01 mm.): C,45·9; H , 3·8; N,30·8. 
(',I[r,~l)2,o'25H() requires C 46,0, H, 3·6; N, 30·7%J 
\I __ 34305, 31208, 1690m,~h, 16705, 16455, 1605m, 1575m, 
), -,'I:, 
.Iud 1360m cm. 1. 
1,2,3,4 Tetrahydroptertdinf (XVb). - 2-Amino-3-amino-
methylpyrazine (0·09 g) dissolved in 5N-sodlUm hydroxide 
(1 mI.) and aqueous formaldehyde (37%; 1 mI.), was heated 
under reflux for 15 min. and extracted with chloroform 
1547 
(5 X 2 mI.) (extract dried over Na 2SO,) The filtered solu-
tion was evaporated to dryness at 25° Ul vacuo, and th 
residue, sublimed at 110%·01 mm., gave 1,2,3,4-tetrahydro-
ptendine (43%). decomp 146° (Found: C, 53'4, H , 5·9; 
N, 41·55 . C6H8N, reqUlres C, 52,9, H, 5·9, N,41'15° 0 )' 
\l
max
• 3290m, 3200s, 3ll0m, and 1575s cm .-1, -r(CDCI 3) 2·09 
(2H, s, H-6 and H-7). 4·27br (IH, s, H - l ). 5·49 (2H , d, J 
0·9 Hz, 2-CH 2), 5·80 (2H, s, 4-C'H a). and 7·78br (IH, s, H 3). 
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